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PREFACE 



This Textbook of Ophthalmology is intended primeu*ily for those students 
whose interest and attention incited its commencement. Shortly after I under- 
took the clinical lectures on ophthalmology at Greifswald, these students peti- 
tioned me that they might possess in permanent form the instruction I had given 
them, and that the latter might be kept in the style I had been accustomed to 
use in my lectures. I have complied with their desire, not because there is a 
dearth of ophthalmological textbooks, but that I might afford these grateful and 
diligent students of mine the possibility of taking a personal souvenir with 
them in their later life work. The form I have chosen seems suited for this 
purpose in spite of manifest faults. When one or another of them in the future 
may look over the clinical cases here recorded, when in his mental vision he views 
the life in the clinic, when the personality of his teacher is with him again, many 
a recollection from bygone days will be quickened, for the most delightful period 
in the life of a physician is the time when, still yoimg and with perfect ideal, 
he visits the clinics and treats his first patients without responsibility. 

Didactically, also, the form of the clinical lecture seems to me to be proper for 
a textbook of ophthalmology, even though the details of clinical histories must 
be omitted because of limited space. With changes in the small organ so easily 
overlooked, it is important that those who wish to learn, or to freshen and enleu*ge 
their knowledge, should always, in each type of disease, refer systematically to 
all that may be considered in such cases. The form employed certainly involves 
the danger of a certain monotony for the reader, but it is hoped that this will be 
somewhat ameliorated by the direct, living intercourse between him and the 
book. At any rate it is always easier to remember the things to be observed in 
one's own practice from the individual description of certain cases than from a 
summary discussion of a certain subject. Hence I hope that not only the stu- 
dent, but the physician as well will look with a kindly eye upon the pedagogy in 
this book. For it may say of itself that it is bom of a glowing love of science, 
and is animated only by the wish to be of service to the physician and the 
patient, to the learner and the sufferer. 

But the book desires still more. It desires to be welcome to the younger men 
of our specialty who themselves teach ophthalmology. I agree with my col- 
leagues in believing that the clinical instruction in ophthalmology should be 
extended over at least two semesters, an advancement that is justified by the 
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viii PREFACE 

growth of our field. If the physician is to obtain an adequate insight into our 
specialty it takes time. Thus it has been my endeavor throughout to hold in 
form and content as rounded a clinic as possible. 

The arrangement of the material chosen has the advantage that the teacher 
who takes a pathological case for the text of a clinical lecture will cdways know 
exactly what he has to teach without delay or hurry. It is easily possible for 
the master of his specialty to devote sufficient attention to the variegated changes 
of the pathological picture and still have time enough for the rarer diseases, or 
to add, or interpolate minor cases for the purpose of repetition, or demonstration. 

As I consider that the teaching of ophthalmology should not be purely 
theoretical, but that the student should enjoy opportunities for practical treat- 
ment and be able to see many operations, I have endeavored to present the sub- 
ject in as popular language as possible. This may be a weakness in the book, 
but, as it is to be a textbook from which the beginner is to learn, I willingly accept 
it, for I, like other teachers, take pleasure when my students learn easily. As 
the instruction is to be as didactic and vivid as possible, a textbook must be 
written fluently and be easy reading ; clearness and simplicity are the f imdamentals 
of clinical pedagogy. 

As an ophthalmologist I consider it self evident that the book should not be 
printed on any paper with a glaze that renders prolonged reading painful in any 
light. As ophthalmologists we should be promoters of the hygiene of the eye 
before all else. 

I have restricted the number of illustrations. There is very much that can- 
not be adequately learned of diseases of the eye from a picture. 

One feeling has never left me. From whatever point of view a textbook may 
be written, it must ever remain imperfect and not solely because of the necessary 
limitations of space. The incompleteness of our knowledge is a sorrow to the 
scholar, the inadequacy of our therapeusis bears sorely on the mind of the physi- 
cian, and only the pleasure of working with and serving youth rich in future 
promise encourages the teacher in issuing this book. 

PAUL ROEMER. 
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At the time of his lamented death, the late Dr. P. W. Shedd was engaged in 
the translation of this work and had completed the first ten lectures, about 
seventy pages. These are much as he left them, except for a slight recasting, 
which seemed necessary to preserve uniformity of style throughout. 

This is the first attempt, of which I am aware, to substitute concrete instruc- 
tion for abstract discussion in a textbook of ophthalmology. In all branches of 
medicine oral instruction has changed during the last generation from the deliv- 
ery of didactic lectiues to the gathering of students about the bedside of patients 
for clinical demonstration, but the textbooks the same students study still main- 
tain the form of more or less terse, compact statements of abstract fact, and rely 
on grace of diction to remove the dryness of the exposition. Roemer has made 
the departure of presenting the same ophthalmological facts in the concrete form 
employed in the clinical lecture, and has done this so successfully that it fre- 
quently seems to the reader that the lectures must have been actually delivered 
and reported by a stenographer ; the frequent repetitions and side remarks, so 
often used unconsciously by clinical teachers, occur so naturally that it is hard 
to believe they are all intentional. It is unnecessary to dwell upon the advan- 
tage to the student of a definite clinical picture of a disease firmly impressed 
upon the mind, this is generally acknowledged. Such a picture Roemer tries to 
impress, and then he points out the variations that are to be met with. It has 
not been an easy task to reproduce the power, vividness and force of the original 
German, in which the pen pictures are so lifelike that they seem to bring the 
individual patients, who form the texts of the clinical lectures, distinctly before 
the reader. How well, or ill, I have succeeded I shall presently learn from the 
reviewer. 

The specific treatment of disease in accordance with its etiology is a subject 
in which the author is an enthusiast, and he imbues even the skeptical reader 
with some of his enthusiasm. He has one fault in common with many writers, 
a certain provincialism that leads him to undervalue some procedures that did 
not originate in his native country and to omit all mention of others. In a few 
instances I have added footnotes to supply some of these omissions. 

In view of the fact that medical orthography is in a rather chaotic condition 
at the present time, and as the dictionaries usually accepted as authorities vary 
enormously among themselves in this respect, I may state that I have tried to con- 
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form in my spelling of medical' terms to the recommendations of the Committee 
on Nomenclature of the American Medical Association, published in the Trans- 
actions of the American Ophthcdmological Society for 1909, as this is the most 
authoritative pronouncement in regard to the subject which has come to my 
knowledge. Wherever variations from these recommendations may appear in the 
text, they have not been made intentionally. 

Matthias Lanckton Foster. 

911 Centre Avekue, New Rochelle, N. Y. 
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Introduction to the Methods of Examining the 

Anterior Segment of the Eve 



1. Anatomy and Clinical Examination of the Normal Conjunctiva, 
the Cardinal Symptoms of Conjunctivitis and the Inquiries 
to be Made on Examining an Inflammation of the Conjunctiva 

We may very properly begin with the study of the morbid affections of the 
conjunctiva and cornea, for of all the abnormal changes that trouble the eye, the 
external diseases, those of the conjunctiva and cornea, are the commonest. 

Diseases of the conjunctiva include about 30%, those of the cornea about 
20%, of all forms of ophthalmologic troubles. These external diseases are of 
import to the general practitioner, since precisely these morbid conditions are 
suited to his therapeutic care and the patients so afflicted will demand his treat- 
ment. 

Of the diseases of the conjunctiva inflammations are most frequently encoun- 
tered, and therefore demand our attention first. Before commencing the study 
of these conjunctival inflammations, it is imperative that the student acquire 

1. An acquaintance with the normal anatomy of the conjunctiva, as funda- 
mental to further study of the subject-matter. 

2. A knowledge of how to investigate clinically the normal conjunctiva in 
the living subject. 

S. An ability to recognize an inflammation of the conjunctiva as compared 
with the normal appearance of this membrane, i.e., an ability to recognize the 
ccuxiinal phenomena met with in almcist every inflammation of tiie conjunctiva. 

4. A knowledge of the order in which to interrogate the patient in each 
examination of a case of conjunctival inflammation. This must be learned if 
we desire to establish an accurate diagnosis. 

We shall try to meet these four requirements now, in the beginning of our 
course, and turn first to the normal anatomy of the conjunctiva. 

I. The Normal Anatomy of the Conjunctiva 

The conjunctiva is in the form of a sac, or bag, the conjunctival sac, split by 
the palpebral fissure, which covers the surface of the eye, the posterior surface of 
the eyelid, and the contact points of union between the two. Hence we may 
differentiate it into 1, a conjunctiva bulbi; 2, a conjunctiva palpebrarum; 8, a 
conjunctiva fomicis, the transition fold. 

1 



« ANATOMY OF THE CONJUNCTIVA 

I 

The conjunctiva bulbi has a surface of stratified flat epithelium, with occasional, 
isolated, simple, tubular glands {Manz^s glands). No goblet cells are present, 
and because of this the conjunctiva sderse does not appear to be as moist as the 
conjunctiva tarsi and the transition folds. In so far as the conjunctiva bulbi 
covers the sclera, we call it the conjunctiva sclerse. It should not be thought, 
however, and this is a matter that demands immediate emphasis, that it possess^ 
an aperture corresponding to the cornea. The conjunctiva scleras extends, 
rather, in continuity over the cornea. The epithelium of the cornea and its 
superficial strata belong embryologically to the conjunctiva. The significance of 
this fact will be understood presently. 

It can be seen from histologic preparations that the epithelial surface of 
the conjunctiva tarsi is composed of polystratified cylindric epithelia and con- 
tains a greater or less number of goblet cells. The conjunctiva tarsi is firmly 
attached to its subjacent tissue, and pathologic changes only are capable of 
loosening it somewhat. In the posterior part of the tarsal conjunctiva we 
find the small, ramifying, tubulcur glands of Krause situated above the Meibomian 
glands. 

Another feature that is to be noted is, that, in a more or less extensive portion 
of the conjunctiva tarsi, minute, but genuine, papillse are to be found, slight ele- 
vations with vessels and surrounding stroma, between which the epithelium dips 
somewhat downward. Under normal conditions the mucous membrane remains 
perfectly smooth, but in inflammation these papillae enlarge, and the mucosa 
then presents, as will be seen later, a velvety appearance, or larger prominences 
develop, as in vernal catarrh, or in trachoma. 

Under normal conditions, there is at the transition folds an abundance of 
conjunctiva which possesses numerous elastic fibres and is also covered with a 
stratified, cylindric epithelium. Moreover, it will be observed microscopically 
that beneath the epiiiielium is a layer of adenoid tissue that contains lymphatic 
cells and also, in most adults, isolated and very minute follicles. At the transi- 
tion folds papillae are lacking and only small plicae are to be seen. 

The vascular supply of any mucous membrane is of great importance, both to the 
nutrition and to our comprehension of the morbid conditions that affect it. The 
essentials of this can be seen at once in Fig. 1. On the upper lid, bloodvessels 
penetrate the tarsus from without inward, S to 3 mm. behind the palpebral margin, 
along a furrow which will presently be demonstrated on the living subject. 
These vessels belong to the arcus tarseus inferior, and the shallow furrow that 
runs parallel to the margin of the lid is called the sulcus subtarsalis. The 
bloodvessels of the arcus tarseus superior pass in an analogous manner to the 
conjunctiva at the upper margin of the tarsus. In the lower lid we see only a 
single vascular arch along the convex margin of the tarsus. The transition folds 
of the upper and lower lids are supplied by these vessels. The conjunctiva bulbi 
derives ibi blood-supply chiefly from the vessels of the transition folds. These 
form the posterior conjunctival vessels. There is still another vascular system, 
that of the anterior ciliary vessels, which pass from the four rectus muscles 
beneath the conjunctiva, through which they are visible as shimmering, bluish 
lines. These anterior ciliary vessels disappear in the vicinity of the margin of 
the cornea, where they perforate the sclera and continue into the eye to supply 
the iris and the ciliary body with blood. Before they pass through the sclera, 
these anterior ciliary vessels send branches backward in a course opposite to that 
of the other conjunctival vessels, and are termed the anterior conjunctival vessels. 
All of these end at the edge of the cornea in capillary loops, which form the 
marginal vascular anastomosis of the cornea. 
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n. Clinical Examination of the Normal Conjunctiva. 

With the patient seated and his eyes open we see the lustre of the cornea, an^, 
to a greater degree, the sclera; or, as the laity call it, the "white" of the eye. 
The sclera is covered by a delicate, translucent membrane, the conjunctiva sclene. 

The conjunctiva sclene 
— and this deserves note — " 

is attached to the sclera by 
a very loose connective tis- 
sue. By pressure with the 
finger against the edge of 
the patient's lower lid, the 
conjunctiva sclerse may be 
moved to and fro, and when 

the eye is cocainized the ^ 

conjunctiva bulbt can be 
raised with the forceps into 
folds. 

This loose attachment 
of the conjunctiva to the 
sclera is to secure the freest 
movement to the eyeball. 

This loose connection 
with the sclera is advantage- 
ous to us in that by draw- 
ing together neighboring 
parts of the conjunctiva we 
are able to perform plastic 
operations to repair losses 
of substance. 

In the vicinity of the 
cornea, the attachment of 
the conjunctiva sclerse be- 
comes firmer, and at the 
corneal margin the epithe- 
lium of the conjunctiva 
passes smoothly over into 
that of the cornea. At the 
margin of the cornea the 
conjunctiva is particularly 

tenuous and permits the •■"j- 

sclera to gleam through 
distinctly. Altogether, we 
find the conjunctiva to be 
a thin, translucent mem- 
brane, in which are indi- 
vidual bright red bloodves- 
sels. In elderly people it 

may have a dulled appearance in just one characteristic place, as I will demon- 
strate in the patient here before us. 

A small part of the conjunctiva sclerse is conspicuous, because of its yellow 
tint in contrast with its surroundings in the portion corresponding to the palpe- 
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bral fissure, at both the outer and the inner edge of the cornea. This area is 
rendered prominent in the otherwise quite normal conjunctiva by its cloudiness 
and yellowish-gray thickening. This peculiar formation is apt to become still 
more apparent when the conjunctiva in its vicinity is reddened and inflamed. 
The persons affected occasionally seek professional advice on account of this petty 
cosmetic disfigurement. The area thus altered is of the form of a triangle with 
its base toward the cornea, its apex toward the canthus. This is called a Pingue- 
cula and is a sort of callous, or hyaline thickening of the conjunctiva, due to 
atmospheric influences — wind, smoke, and dust. It is usually met with in 
elderly persons who live much out of doors. 

If the conjunctiva sclerae is now traced, not in the direction of the cornea, 
but toward the periphery, it will be seen that in the inner canthus the conjunc- 
tiva bulbi forms a small, vertical fold lying on the eyeball, which is called the 
plica semilunaris. This is a shrunken remnant of the palpebra tertia, the nicti- 
tating membrane of the lower animals. 

Still farther inward from the plica semilunaris is a small reddish eleyation, 
the caruncle, which occupies the horseshoe-shaped notch at the inner canthus. 
The caruncle is merely an islet of skin, provided with sebaceous glands and fine 
hairs. Of the entire conjunctiva of the eye, we ordinarily see only a small part 
of the conjunctiva sclerae. If we wish to look at the other parts we must evert 
the lids, a procedure I shall demonstrate immediately, for it is often incorrectly 
performed. 

I place my forefinger or thumb on the middle of the lower lid, so that its tip 
touches the palpebral margin. Then I ask the patient to look up, and at the 
same time draw the lid gently downward and somewhat away from the eye. 

Frequently the finger is placed too low down, even on the cheek, and then 
nothing of the conjunctiva can be seen, no matter how nearly vertical is the 
patient^s line of vision, and the net result is the annoyance of the patient from 
the traction on his face. If, however, the e version of the lower lid has been 
correctly performed, first the lower portion of the conjunctiva sclerae, then the 
conjunctiva of the transition fold, and the conjunctiva palpebralis become 
visible. Shimmering through the lower transition fold may be seen the dense 
venous plexus that lies beneath it, and the fascia. 

The most notable characteristic of the transition fold is its roominess and the 
mobility of its conjunctiva, which, with the loose attachment of the conjunctiva 
to the sclera, assures free movement to the eye. 

In this way the eye is enabled to move independently of the lids, the folds of 
the transitional parts smoothing out or folding together, as occasion may require. 

The case with the conjunctiva tarsi is quite different; this is not movable, 
but, on the contrary, firmly adherent to the subjacent tarsus, so we are unable to 
slide neighboring parts to cover defects, as in the conjunctiva bulbi. The con- 
junctiva tarsi is smooth and through it shimmer, like a row of parallel bright 
lines, the Meibomian glands which lie in the tarsus. Now the rest of the con- 
junctiva remains to be examined. 

To bring the upper part of the conjunctiva sclerae into view, I place my 
thumb quite gently upon the upper lid, tell the patient to look directly down- 
ward, and at the same time lift the lid. If we wish to see the conjunctiva of the 
upper lid and transition fold, the upper lid must be everted. This is more diffi- 
cult than on the lower lid. 

Again I direct the patient to look down. I seize the lashes in the middle 
of the margin of the upper lid with the thumb and forefinger of one hand and 
draw the lid somewhat downward, and at the same time somewhat out from the 
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Everoion of the Upper Lid. 

eye. I then place the tip of the index finger of the other hand on the middle of 
the drawn-down lid, i.e., on the upperedge of the tarsus, press the tip of the finger 
aoaiewhat backward, and turn over the lid about this as a fulcrum. In this way 
the conjunctiva tarsi of the upper lid is brought into view. Under normal con- 
ditions the Meibomian glands may be seen shimmering through it. Another 
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point of interest is the sulcus subtarsalis, already mentioned, about S mm. behind 
the palpebral margin, where the branches of the arcus tarseus inferior pass through 
the tarsus. This is the favorite place of lodgment of small foreign bodies. 
When any one walking in the street has a bit of dust, a cinder, or a particle of 
stone fly into the eye and lodge beneath the upper lid, the sulcus subtarsalis must 
be remembered. 

The attempt to evert the lid should not be too prolonged, for, aside from the 
discomfort it causes the patient, a prolonged retention of the lid in an everted 
condition readily leads the mucous membrane to become increasingly red, a con- 
dition we cannot call inflammatory. Inversely, if too great pressure is made on 
the lid, the mucous membrane becomes bloodless and whitish, which may lead 
the t3rro to diagnosticate the presence of cicatrices. It is to be recommended 
that during the investigation the pressure of the finger be somewhat lessened, and 
that the position of the fingers be changed. If, now, the patient looks strongly 
downward, and the everted lid is pressed firmly against the margin of the orbit, 
the upper transitional fold comes into view. In some cases it is necessary to 
doubly evert the upper lid in order to obtain a more accurate examination of the 
transition fold. 

in. The Cardinal Signs in Conjunctival Inflammation 

The normal condition and appearance of the conjunctiva may now be com- 
pared with that of a rather extensive and diffuse inflammation of the conjunctiva 
in a patient. Although the student knows nothing as yet of the disease of the 
conjunctiva, for he comes to the clinic not because he knows, but to learn, still 
he will be able at once to recognize the three ever-recurrent cardinal signs of a 
distinct and extensive inflammation of this membrane, viz. : redness, swelling, 
and abnormal secretion. 

The conjunctiva of this patient is very red in comparison with the normal mu- 
cous membrane, because of the increased and long-continued hypersemia due to the 
inflammation. It is also swollen. In grave inflammations the conjunctiva bulbi 
may even be raised from its bed by exudation. If, as in the present case, the 
swelling is confined to the conjunctiva tarsi, we recognize it as such because we 
can no longer see the Meibomian glands distinctly through the thickened turbid 
membrane, or perhaps may not be able to see them at all. Furthermore, we find 
in this patient an inci«4d secretion from the mucous membrane which is not 
present in the healthy eye. This secretion gathers chiefly in the canthi. 

IV. The Sequence of Interrogations in Examining Each Case of Conjunc- 
tival Inflammation 

Having thus established the presence of these three cardinal signs, we know 
that this patient has an inflammation of the conjunctiva, but we do not know 
much about the morbid condition in its entirety. We know neither how long it 
has existed, nor the form of inflammation present, nor the etiology- of the disease. 
In making inquiries, it is advisable to follow a definite series of questions in the 
following sequence : 

1. Acute or Chronic Inflammation? 

It is best to learn first whether the inflammation has been of short or long 
duration ; whether it is acute or chronic. As soon as we know this we are able 
to exclude in any given case a large group of inflammations, and this is of 
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importance in differential diagnosis, as we shall see later. To learn whether the 
inflammation is acute or chronic, it is necessary only to ask the patient. 

There are objective changes in the mucous membrane by means of which we 
may recognize chronic forms of inflammation, but we shall omit this individual- 
izing study ; it is of more importance just now to become accustomed to our plan 
of inquiry. 

i. Catarrhal, Croupoics, or Purulent Inflammation? 

Having learned by inquiry of the patient whether this is an acute or a 
chronic inflammation, the thoughtful physician will question involuntarily con- 
cerning its form. The pathologist recognizes three forms of inflammation of the 
mucous membranes — the catarrhal, the croupous, and the purulent. 

In the catarrhal form, the exudate consists essentially of fluid, and usually 
the surface epithelium is covered with mucus in larger quantity than normal. 

If there is an excretion of flbrin in the fluid exudate, so that it coagulates, 
serofibrinous or fibrinous exudates are formed which we designate as croupous. 
In such cases whitish flakes will be seen lying on the mucous membrane, or, if 
the inflammation is more intense, membranes will be formed that are firmly 
attached. 

If leucocytes are found in great numbers in the fluid exudate on the surface 
of the mucous membrane, we call it pus, and speak of a purulent inflammation. 

This clinico-anatomical diagnosis of a conjunctivitis is the question most 
easily answered in our systematic diagnosis. In our patient there is no mem- 
brane on the conjunctiva, nor anything much resembling pus; the secretion is 
rather of a mucous or serous character and therefore the case is to be diagnosed 
as one of catarrhal conjunctivitis. 

Beautiful as these definitions are, easy as it seems from a purely' clinical 
standpoint to make such a diagnosis of catarrhal, croupous, or purulent conjunc- 
tivitis, yet there are many transition forms in this nosologic group which fre- 
quently cannot be sharply differentiated. This is due in part to the stage in 
which we meet with the case of conjunctivitis. Take a case of simple cold in the 
head. At first the secretion from the nasal mucous membrane is watery, later it 
assumes, perhaps, a purulent character. Shall we call this inflammation of a 
mucous membrane purely catarrhal ? The conditions are quite similar in a num- 
ber of forms of conjimctivitis. 

The complete clinico-anatomic picture of a conjunctivitis is, however, depend- 
ent on another factor, for a biologic law takes part in these inflammations of the 
conjunctiva, the significance of which demands attention if we are to understand 
ophthedmic pathology and keep pace with the progress of ophthalmic therapy. 
Every conjunctivitis is simply the expression of a reaction between the organism 
and the mucous membrane on the one hand, and the morbific factor that develops 
inflammation on the other. Preeminent among the latter are microorganisms, and 
the inflammatory reaction produced depends on the general and local susceptibility 
of the individual, as well as on the virulence of the morbific agent. Thus the 
diphtheria bacillus may excite in one person a grave croupous conjunctivitis that 
endangers the eye, while in another it causes a mild attack of disease and, after 
the patient's recovery, may remain in the eye for weeks without producing any 
reaction. I^ikewise, the conjunctiva of many persons is immune to pneumococcic 
infection, while the same germs, transferred to other persons, excite a violent 
conjunctivitis. Hence, a clinically mild catarrhal conjunctivitis may be due to 
an infection that has no serious consequences to the patient himself, but may 
endanger those about him. I myself know of a family tragedy in which a mild 
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conjunctivitis in one of the children, not recognized as diphtheritic, gave rise in 
the other children to diphtheria of the throat, from which they died. 

Having acquired this information — knowing that the etiologic agent may 
develop in the conjunctiva in one case a mild catarrhal s3mdrome, in another a 
grave croupous inflammation — it becomes self-evident that the answer to our second 
question, whether the inflammation is catarrhal, croupous, or purulent, does not 
suffice. It is of even greater importance to know the true cause of the inflamma- 
tion, for the final and weightiest component of our diagnosis is the determination 
of the etiology of the conjunctivitis in question. With this we arrive at our 
third and final query — ^the etiology of conjunctival inflammations. 

3. What Cattses the Ctmjunctival Inflammation? 

An inflammation of the mucous membrane of the eye may arise from two 
different causes, which may combine in the later stages in a variety of ways. 

A conjunctivitis may be caused either by purely physico-chemical irritants, or 
by an infection. It must be understood that the chemical, toxic effects of the 
bacteria and of their metabolic products are present in bacterial infections. 
Furthermore, it must be borne in mind that a mucous membrane injured by 
chemical or physical means invites bacterial invasion, so that the two factors may 
form the most varying alliances. But it is better just now, for practical reasons, 
to consider these two causative agents separately, because we then obtain a view- 
point at once from which to select the line of our investigation of the etiology of 
a conjunctivitis. 

Our final question is, therefore, whether the inflammation of the conjunctiva 
is due to purely physico-chemical causes, or to infection. The fact is, that quite 
a number of acute and chronic inflammations of the conjunctiva are caused by 
physico-chemical irritants. Thus, foreign bodies, especially beards of grain, 
when they remain for a considerable time in the transition fold, may excite severe 
inflammations of the eye and are to be thought of in cases of violent conjunc- 
tivitis of only one eye. 

Exposure to dust-laden air is capable of exciting a conjunctivitis, or of 
aggravating an inflammation already present. Eyes reddened by nocturnal cele- 
brations are not altogether unknown among students. I have been able to 
demonstrate experimentally that even sterilized dust augments the bacterial con- 
tent of the conjunctival sac by its irritant effect. 

Another form of conjunctivitis may be caused by caterpillar hairs. The 
most violent inflammation of the eye may be excited by dust mixed with such 
hairs in woods where the procession caterpillars congregate. In the Orient the 
dust blown about not rarely contains large quantities of extremely minute cactus 
thorns. In hay fever, the acute conjunctivitis is caused by particles of pollen 
from the grasses, and the pollen from other flowers may have a like irritant effect. 

It is self-evident that all chemically irritating substances may excite an 
inflammation of the conjunctiva. In practice, we meet with such causes as the 
dust from lime, cement, artificial fertilizers and snuff. Malingerers and hysteri- 
cal persons not infrequently place substances of this sort in the conjunctival sac 
intentionally. In accident cases^ a conjunctivitis of one eye confined to the lower 
part of the conjunctiva excites oiu* suspicion. There are also drugs which may 
be responsible for a conjunctivitis. We must not bring any ointment containing 
chrysarobin Into contact with the lids, because it may cause an intense inflamma- 
tion of the conjunctiva which can extend deep into the eye. Even so necessary a 
remedy as atropin excites a conjunctivitis in not a few patients, associated, 
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usually, though not always, with development of follicles. Furthermore, no 
calomel should be dusted into the conjunctival sac of a person who is receiving 
internally iodide of potassium, as mercuric iodide may be produced which will 
occasion a violent conjunctivitis. 

In many occupations forms of conjunctivitis are met with that are traceable 
to radiant heat, or to chemically active, ultraviolet rays of light. In this cate- 
gory, glacier catarrh and snow blindness are included. 

Finally, here belong, in part, those inflammations of the conjunctiva which 
are caused and maintained by the scraping of abnormally placed cilia, imperfect 
closure of the eyelids, and anomalies of position and occlusion of the puncta 
lacrymalia. The group of inflammations of the conjunctiva that may be due to 
physico-chemical agents is not small, and it is important to bear this etiologic 
factor in mind. 

The percentage of cases in which the conjunctivitis is due to bacterial infec- 
tion is still greater. It may be said that more than two-thirds of all inflamma- 
tions of the conjunctiva are caused by bacteria. The history helps us to deter- 
mine whether a conjunctivitis is due to physico-chemical irritation, or to an 
infection, but the real cause can be determined only by a bacteriological exami- 
nation of the secretion and of the surface of the conjunctiva, by which we learn 
whether bacteria that excite inflammation are present or not. The methods em- 
ployed in doing this and the points of view to be considered, will be indicated in 
the lecture when the individual study of conjunctival diseases will be commenced. 
I will repeat the questions to be asked when we meet with a conjunctivitis: Is the 
inflammation acute or chronic ? Is it catarrhal, croupous, or purulent ? And, 
finally, Is its cause a physico-chemical irritation, or is it probably an infection ? 
These are questions to be always borne in mind. 

2. Clinical Examination of the Normal Cornea and its Physiologic 

Clouding in Old Age 

The anatomical and embryological fact has been briefly mentioned that the 
conjunctiva sclerse extends over the surface of the cornea and forms an integral 
part of the cornea itself. This conjunctival portion of the cornea consists of the 
epithelium and BoimnarCs membrane, to which are to be added the most anterior 
lamellae of the cornea in its marginal portion. This fact is explanatory of a 
clinical phenomenon essential to the understanding of conjunctival diseases, 
indeed of all external affections of the eye, and we will continually meet with it 
from now on. 

A large iiumber of conjunctival diseases tend to invade the cornea, and this 
involvement of the cornea appears in clinical s3mdromes of the greatest variety. 
It is therefore self-evident that when we wish to pass from the normal conjunctiva 
to the study of its diseases, we must not confine ourselves to the clinical examina- 
tion of the conjunctiva of the lids, the transition folds and the sclera, but must 
also learn to investigate the normal cornea. 

The cornea is set like a watch-glass in the sclera, the anterior layers of which 
overlap its margin. The clinical importance of this anatomical fact will be 
touched upon at various times in the description of operations. The transition 
of the fibres of the sclera into those of the cornea is very gradual. 

The layers of the cornea, knowledge of which is essential, are from before 
backward : 

1. The epithelium. This is a stratified pavement epithelium. Its deepest 
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cells are columnar, then come cells that are more spherical, and above these they 
are flat, so that the cornea has a very smooth surface. 

2. Bowman's membrane. This, a structiu^less membrane of slight elasticity, 
resembles in development and nature the uppermost homogeneous layer of the 
parenchyma of the cornea. This explains why Bowman's membrane is firmly 
attached to the subjacent tissue and more loosely to the epithelium. In certain 
pathological conditions, the epithelium may be separated from it. 

3. Next to Bowman's membrane lies the substantia propria, the parenchyma 
of the cornea. This, the true corneal tissue, is composed of delicate fibrillae of 
connective tissue, generally arranged parallel with each other, though cross fibres 
are also numerous. These fine fibrils are bound together in lamellae by a 
cementing substance. Between the lamellae we meet with the corneal cells, 
which are also known as fixed corneal corpuscles, flat cells with large nuclei. In 
flat sections it can be seen that they are interjoined by numerous processes. 
When sections are prepared for microscopic t^ork, these cells shrivel and leave 
minute spaces between the lamellae, which once were erroneously supposed to be 
nutrient channels. It was thought that the cornea contained a network of 
nutrient spaces and canals, but this is not the case, a matter of importance to the 
concept of nutrition, as will presently appear. 

In addition to these corpuscles, we meet with, here and there in the cornea, 
wandering cells with single nuclei. We shall be occupied with these cells repeat- 
edly from now on, for it is to them that the chief part is assigned in inflamma- 
tion of the cornea, when they emigrate from the marginal vessels into the 
parenchyma. 

4. DescemeVs membrane, a second structureless membrane, forms the pos- 
terior boundary of the parenchyma. It displays great powers of resistance. 
Often, when the parenchyma has been destroyed over large areas, we find 
Descem^eVs membrane the sole barrier. 

6. Finally, DescemeVs membrane is covered by a single layer of smooth cells 
with roundish nuclei. 

Under normal conditions there are no bloodvessels or lymph channels in the 
cornea. The marginal vascular network of the conjunctiva ceases at the limbus. 
The cornea is richly supplied with nerves which come radiating from the ciliary 
nerves and form numerous anastomoses beneath Bowman"* s membrane. They also 
pass through the latter and ramify between it and the basal cells in a subepitiielial 
terminal network. 

The nutrition of the cornea is of much interest in the physiology of the eye 
and a knowledge of it is necessary to the understanding of corneal affections. 
A priori, the cornea may gather its nutrient material from two sources : either 
from the network of vessels about its margin, or from the aqueous bejiind it. 

If we divide the vessels at the margin of the cornea in vivo, no perceptible 
injury results. If we protect an enucleated eye from evaporation, the cornea 
remains clear a long time. Hence, we may conclude that under normal condi- 
tions the nutrition of the cornea is relatively independent of the marginal network 
of bloodvessels. 

The conditions are quite different, however, when the cornea is inflamed. In 
such cases we find, by anatomic investigation, that fibrin formations are to be met 
with in* its parenchyma, and there is no doubt that the fibrogenic elements enter 
the cornea from the bloodvessels. 

Protective substances also enter the cornea from the blood, together with the 
fibrin, as may be shown by the following experiment : If some diphtheria toxin 
is injected with a very fine needle into the cornea of two rabbits, and then one 
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rabbit receives an intravenous injection of diphtheria antitoxin, the cornea of the 
latter animal will remain perfectly clear, because the antitoxin has reached the 
cornea and made the poison harmless, while in the other the cornea becomes 
very cloudy. 

We occasionally see, after severe subconjunctival hemorrhages, that derivates 
of the coloring matter of the blood diffuse into and stain the cornea. 

From these facts it may be concluded that, under certain circumstances, the 
marginal network of vessels takes part in the nutrition of the cornea. It is not 
for nothing that we frequently meet with a. new formation of vessels in the cornea 
in many inflammations, the only reason for which can be to aid in overcoming 
the disease, and in the preservation of the corneal tissue when the normal nutri- 
tion no longer is sufficient. I have therefore formulated the theory that the nutri- 
tion of the cornea through the marginal network of vessels is demanded chiefly 
when inflammation is present, but that under normal conditions its nutrition is 
derived principally from the anterior chamber. 

It was formerly thought that nutritive fluids circulated through canals in the 
cornea, but modern anatomical research has shown that such interspaces resem- 
bling canals do not exist between the cells and the ground substance of the 
cornea, and we are unable to perceive any movement of fluid in the tissue. But 
soluble substances like fluorescin, which enter the cornea, spread by diffusion 
uniformly in all directions. In addition to this, according to Leber j the intact 
cornea is absolutely incapable of filtration under the pressure that exists within 
the eye. We may therefore assume with certainty that the nutrition of the 
cornea is accomplished primarily by molecular forces, and that these are as efficient 
from the marginal network of vessels as from the anterior chamber. Two pro- 
cesses are involved : imbibition and diffusion. 

To demonstrate the former, place some freshly prepared corneas of animals, some 
in water, some in isotonic, and some in hyperisotonic solutions of salt. In all these 
solutions the cornea becomes enormously swollen, which shows that the corneal 
substance has the property of eagerly saturating itself with any surrounding fluid, 
to imbibe water. At the same time the cornea becomes cloudy. In a normal 
condition, it will take up 80% of water, of distilled water 96%, its thickness 
increasing eightfold. As this swelling is not dependent on the osmotic concentra- 
tion of the surrounding fluid, the phenomenon is referable to molecular imbibi- 
tion. But under normal conditions the cornea of the eye does not swell, and 
remains clear. Hence, in the Uving eye there must be some contrivance that 
controls the avidity of the cornea for water, and this regulator was discovered by 
Leber to be the endothelium. 

This maybe demonstrated by the following experiment: If we injure the 
endothelium on the posterior surface of the cornea of a rabbit in three places 
with a fine needle, the cornea begins directly to become cloudy at these places. 
As long as the endothelium at the points of injury is not regenerated, the aqueous 
continues pathologically to enter the cornea, which continues to swell and to 
become cloudy. To preserve the transparency of the cornea, it is the duty of the 
endothelium to prevent an abnormal entrance of water from the anterior chamber* 

Whether this function of the endothelium is an expression of vital activity or 
of coarser physical properties of these cells, is as yet undecided. At all evenb* 
the cornea of an enucleated eye will remain clear for several hours if the eye is 
protected from evaporation, as has been mentioned. We also know from the 
researches of BuUot, that when there is a lack of oxygen about the eye to be 
preserved, the endothelium of Descemefs membrane quickly breaks down and the 
cornea rapidly becomes opaque through the entrance of the aqueous. 
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On the other hand it must not be thought that the endothelium of De^ceniefs 
membrane absolutely prevents the passage of water into the cornea, for the cornea 
loses a certain amount of water through evaporation and, in the periphery, through 
the lymphatics and, even though the loss is small, it must be replaced. Hence, 
the function of the endothelium is regulative in character. 

As the ground substance of the cornea has the property of absorbing water 
and as a regularly controlled imbibition of water must take place, we have to 
accept the theory that the cornea receives its nourishment primarily by way of 
diffusion. The question then arises : What do we know of the processes of diffu- 
sion in the cornea? 

We continually make use of them. If atropin is dropped into the eye of our 
patient, the pupil dilates because by diffusion this substance passes through the 
intact cornea into the aqueous, where it is able to act upon the iris. Actual 
proof of the entrance of atropin into the anterior chamber is afforded by remov- 
ing the aqueous from animals thus atropinized and producing with it mydriasis 
in other animals. Experiments in diffusion have been instituted with such sub- 
stances as eserin, potassic iodide, potassic ferrocyanide and fluorescin. Such 
soluble substances also diffuse backward from the aqueous into the parenchyma of 
the cornea. Nevertheless an accurate conception of the processes of diffusion 
that take place in the cornea cannot be obtained unless it is made clear that the 
epithelium and endothelium materially obstruct the diffusion of such crystalloid 
substances. It may be readily shown that all these substances diffuse much more 
easily into the cornea when the epithelium is injured or removed. An experi- 
ment which is used a great deal in practice is to place a drop of a solution of 
fluorescin in an eye in which we suspect an injury of the epithelium of the cornea. 
The area from which the epithelium is abraded becomes deeply dyed immediately, 
while the large portion of the cornea covered by epithelium does not accept the 
stain. 

E. V. Hippel has shown that endothelial defects also are rendered visible by 
the instillation of fluorescin into the conjunctival sac, but a satisfactory explana- 
tion of the fact that such endothelial defects are more weakly stained when the 
fluorescin enters the anterior chamber from the blood-stream is as yet lacking. 

In any case the quantity of soluble substances that pass through the intact 
cornea by way of diffusion is very small; This is another evidence that the 
epithelium and endothelium of the cornea have the attribute of very greatly 
influencing and restricting diffusion. Everything indicates that within the epithe- 
lium and endothelium the cement substance furnishes the path for the diffusion 
throughout the substance of the cornea. 

If, now, it is taken for granted that the nutrition of the cornea is derived 
chiefly from the anterior chamber, it becomes necessary to discover whether col- 
loid substances can pass through Descemefs membrane as well as crystalloid. 
An evidence that they may is furnished by the fact that when, in severe injuries 
of the eye. a fluid hemorrhage remains for a long time in the anterior chamber, a 
peculiar clinical picture is produced by the seeping of a derivate of the coloring 
matter of the blood through the parenchyma of the cornea by way of diffusion. 

An essential factor in nutrition for any organ, or any cell, is an elective 
capacity of its protoplasm. The cells of the cornea possess the power to take up 
into themselves certain substances and to oppose a powerful resistance to the 
entrance of others. This is apparent in every stained microscopic preparation, 
where the specific affinity of certain parts of the cell to various stains is evident. 
In vivo this elective behavior of the cells of the cornea is even more striking. 
This will suffice concerning the nutrition and metabolism of the cornea. 
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We will now bring in our fiM patient and study a normal cornea in vivo. It 
forms the transparent portion of the capsule of the eyeball. Its horizontal 
diameter is somewhat greater than its vertical, so it is not circular in form, but 
elliptic. As the arch of its curvature is greater than that of the sclera, there is a 
shallow groove at the lirabus where the cornea and the sclera unite. Its hori- 
zontal diameter is about 11 mm., its vertical about 10 mm. It is thinner in 
the centre than at the margin, where its thickness is only about 1 mm. The 
conjunctiva sclene overlaps the cornea a little and then continues as corneal 
epithelium. 

The points to be considered in an examination of the cornea may be included 
under three headings : 

1. Form, size, and curvature of the cornea. Great deviations from the 
normal will be met with in these respects. 

2. Surface and sensibility. Normally, the surface is smooth and lustrous, 
each epithelial cell lying close to the others. It is also very sensitive. This 
may be shown by gently touching it with a bit of 

cotton, carefully avoiding the lashes and the mar- 
gins of the lids, when a reflex closure of the lids 
will be produced, and the eye will begin to lacry- 
mate. Later, cases will be seen in which the surface 
of the cornea is no longer normal and lustrous and 
tn which its sensibility is largely or totally lost. 

3. The transparency of the cornea interests us 
more than anything else. It may be taken as axio- 
matic that the greater number of morbid disturb- 
ances in the cornea attract attention first through 
the decrease of the transparency ; this explains why 
the physician and the ophthalmologist diagnose 
most diseases of the cornea from the sort of ob- 
scuration present. We need, therefore, to study 
opacities of the cornea more accurately. 

First we need to know by what methods of in- 
vestigation we may learn concerning these three im- 
portant points and the deviations from the normal. 

To begin, we examine the eyes of our patient by Fig. B.— Ptacido's Kerato- 
daylight. The iris may be seen through the nor- scope, 

mally clear cornea, the mirrorlike lustre of which is 

particularly striking. If we place the patient facing a window a vivid reflection 
of the latter appears on the cornea, which serves as a convex mirror with a surface 
of a rotation ellipsoid, for its curvature is somewhat flatter at the periphery 
than at the centre. This little convex mirror reflects a beautifully clear, regular, 
upright fac-simile in miniature of the opposite window, and it is this reflection 
from the cornea that gives the eye its brilliancy and fire. 

This mirroring characteristic is taken advantage of in the study of the form, 
surface and lustre of the cornea. Every irregularity of surface, even when the 
epithelium is present, every morbid change in the epithelium, every absence of 
epithelium, every loss of smoothness of the cornea becomes immediately per- 
ceptilile from the distortions, breaks of continuity and irregularities to be seen in 
this little reflected image. We utilize this mirroring of the cornea by means of 
an instrument known as the keratoscope of Pladdo, or Placido's disc, consisting of 
a disc with concentric black and white rings. If this disc is held so as to be 
mirrored on the cornea, the delicate reflection of the rings may be seen. Not 
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we can discover very slight erosions of the cornea and the minutest foreign bodies, 
and can also study other morbid changes throughout the anterior segment of the 
eyeball. 

Here, in the clinic, we employ for all these examinations in the anterior seg- 
ment of the eye a very superior optical instrument, Zm*' corneal microscope. 
This loupe gives us not only clear, well- illuminated pictures, but also, as it is a 
binocular instrument, binocular perception of depth. By proper manipulation 
of its adjustments we can examine in succession the surface of the cornea, the 
parenchyma, the posterior surface, the anterior chamber, the iris and the lens. 
By means of this loupe we are able also to see the circulation of the blood in the 
conjunctival vessels and in the newly formed corneal vessels, a phenomenon which 
hitherto has probably been observed only in the physiological study of the frog. 

Finally, we use the ophthalmoscope for examination of the cornea, the rays of 
light from which pass through its tissue. That important information is some- 
times obtained in this manner, will be demonstrated in our clinical work. These 
methods of examining the cornea need practice : its mirroring, keratoscopy, focal 
illumination, observation with Zeiss^ loupe, and examination with the ophthalmo- 
scope. 

If the normal corneas of different patients are compared, it will be found 
that those of the older patients reflect light more than those of the younger ones. 
From this it may be concluded that a certain increase of density takes place 
physiologically in the corneal tissue as age approaches. A true physiological 
opacity appears in many old people, that is called the arcus senilis of tiie cornea. 
In this elderly patient, who has an otherwise clear cornea, there is a narrow, 
white-gray line about 2 mm. broad that runs concentrically with the margin of 
the cornea in the parenchyma near the limbus. It does not adjoin the limbus, 
but is separated from it by a perfectly clear zone. The opacity itself is sharply 
marked on the side toward the margin of the cornea, while on the side toward the 
centre it blends gradually with the clear tissue. In this case the opacity forms a 
closed ring, but in its evolution a gray arc appears first above, then below, and 
finally these unite. 

Anatomically, we find deposits of hyaline flakes emd of lime in the region of 
the opacity, together with lipoid particles. The peripheral position of the 
arcus senilis renders it harmless to vision, but sometimes it invalidates somewhat 
the result of an optic iridectomy. 

3. Clinical Examination of the Normal Iris and the Cardinal Signs 

of Primary Iritis and Iridocyclitis 

As we pass more deeply into the eye, we come to the iris. It is precondi- 
tional to the study of the morbid conditions of this membrane that its normal 
structure and clinical appearance should first be understood, so we will briefly 
review its clinical anatomy. 

The iris is stretched in front of the lens, and may be compared to the dia- 
phragm of a photographic apparatus. It divides the anterior segment of the eye- 
ball into two parts which communicate through the pupil, the anterior chamber, 
which is the larger, and the posterior chamber. 

It consists of a loose, spongy tissue which contains, in addition to numerous, 
mainly radiating, bloodvessels, as its most essential components, the two muscles, 
the sphincter and the dilatator pupillae. Its layers from before backward are : 

1. The anterior layer of stroma. This covers the entire surface of the iris 
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and contains in particular numerous anastomosing pigment cells, the chromato- 
phores. An endothelial coat over the surface is lacking. 

2. The peculiar vascular layer. The vessels lie in a wide-meshed, loose 
connective tissue. 

3. Behind the vessels lies the delicate dilatator, in front of which, and 
adjoining it toward the pupil, is the more powerful sphincter. 

4. The posterior layer is represented by the deeply pigmented epithelia of the 
retinal pigment layer, which, folding over anteriorly, edges the margin of the 
pupil with black. 

The most marked phenomenon of the iris in the living eye is its variety of 
colors. The attributes sung by the poet, and those that fire the amorous swain, 
lie chiefly in the hue of the iris. 

The color of the iris depends essentially on the pigment contained in the 
connective tissue layers, both in the anterior layer of stroma and in the deeper 
layers, and stored up in the branching cells, the chromatophores. Another 
form of pigment in the iris is the retinal pigment, which fills the cells of the 
retinal posterior layer of epithelium. In all eyes this coat of retinal epithelium 
is richly provided with pigment, while the quantity of pigment in the stroma is 
extremely variable, and the color of the iris, whatever it may be, is dependent on 
the ratio between these two kinds of pigmentation. 

In the first type the iris is blue. This color is only a physical phenomenon. In 
such persons the iris is delicate and very poor in pigment, so that this unpigmented 
iris tissue forms only a cloudy layer over the brown, strongly pigmented layer 
of retinal pigment common to all eyes. This dark background of brown epithe- 
lium shimmers through the rather cloudy medium of the iris tissue and appears 
bluish under the optical conditions present. The long waved rays of ordinary 
daylight are absorbed by the iris in greater quantity than the shorter waved blue 
and violet rays, more of which are reflected. A dark background seen through 
a hazy medium appears bluish, just as the veins of the hand seen through the skin 
appear to be blue. The eyes of infants are very often blue because the irides are 
delicate and slightly pigmented, but in the course of life the tissues of the iris 
become denser, tenser and richer in fibres ; blue eyes frequently become gray. 

In the second type the color is light gray. In it are clearer spots, non-pig- 
mented places, where the anterior layer of stroma is thickened. 

Other colors range from the brightest yellow to the deepest brown. The 
greater the quantity of pigment contained in the stroma, especially in the 
anterior layer of sbx>ma, the more does the surface of the iris have a slightly 
dusty and granular appearance. The vessels are then surrounded by tissue con- 
taining coloring matter, and the chromatophores are overfilled with pigment. 
Many cells containing pigment are also to be found in the deeper layers of the 
iris. 

In another case we see a sort of pigmentation in spots, which is called nsevus 
of the iris. These islandlike heaps of pigment often appear as dark rust colored, 
or black specks in a gray or blue iris. The iris of one eye also may be brown, 
that of the other blue. The color of the iris, however, is in harmony with the 
pigmentation of the rest of the body. 

Passing now from simple observation to focal illumination, each observer will 
be confronted with another normal phenomenon, an elegant marking of the iris, 
formed by the elevations and depressions on its anterior surface, and known as the 
"relief" of the iris. This needs to be closely examined. It is best marked when 
the iris is non-pigmented. 

This relief is formed of numerous, rather prominent, radiating cords, which 



RUFF AND CRYPTS OF THE IRIS 17 

are the larger bloodvessels coursing in the stroma. A part of these radiating vessels 
bend almost at a right angle at the junction of the inner and middle thirds of the 
iris and run concentrically to the pupil. These lines and curves, composed of 
both arteries and veins, form a wreathlike design, which marks at the same time 
the thickest and most elevated region of the iris, called by Krueckmann the 
'*ruff" of the iris.* This divides the iris into two unequal areas, the pupillary 
and the ciliaiy zones. To its inner side lies the pupiUaiy zone, in which the 
brown edge of epithelium may be seen at the margin of the pupil. This zone is 
often of a color different from that of the ciliary zone. 

I will now place the patient in front of Zeiss^ loupe, by means of which the 
sphincter can be distinctly seen shimmering through the non-pigmented iris. 
It is a flat band of smooth muscle fibres and lies next to the posterior surface. 
Its presence is marvellously demonstrated by the continuous play of motion in the 
pupil, which causes a change in its pigmented edge. When, by alternate shading 
and illumination, the pupil is contracted, the edge of pigment becomes broader; 
when the pupil dilates, it becomes narrower. When the sphincter contracts 
strongly, slight tremors may sometimes be seen in the peripheral portions of the 
iris. 

We learn from embryology that the brown pigmented edge of the pupil and 
of the sphincter b^ epithelial descendants of the secondary optic vesicle. They are 
the only terminal prolongations of the entire central nervous system which we can 
perceive without artificial aid. 

To the outer side of the "ruff" of the iris lies the ciliary region. This con- 
tains the greater part of the radiating vessels, and in it the "relief" is best 
observed. 

Between the radiating lines lie a number of deep, sharply defined places, the 
crypts or lacunae of the iris. The endothelial coat of the anterior surface is 
wanting in these places, so they are looked upon as openings that lead into 
the spaces in the inner tissue of the iris. It is very possible that this arrangement 
contributes in favor of the rapid changes in volume of the iris as the pupil 
contracts and dilates. 

I will also call attention to the furrows visible on the anterior surface, which run 
concentrically to the margin of the cornea in the ciliary portion of the iris. These 
are known as contraction furrows, and are caused by the folding of the iris during 
the play of the pupil. The depressions between these folds, into which the 
anterior surface is thrown during dilatation of the pupil, are the furrows. They 
contain little pigment, and can be seen most clearly when the iris is dark and the 
pupil contracted. 

Finally, there is a certain lustre of the normal iris, due to the wealth of 
protoplasm in the anterior layer of the stroma. This is most marked when the iris is 
non-pigmented. When there is much pigment this appearance is lacking, and the 
iris looks, as already mentioned, more granular, or dust strewn, but its outlines 
are always sharp and clear. 

Inflammations stand preeminent among all the diseases of the iris. We shall 
not begin, however, by bringing forward the various forms of iritis according to 
their etiology, for that is properly learned only from the observation of many 
cases. The cardinal symptoms, which are more or less marked in every iritis, 
should first be learned and understood. 

An inflammation of the iris may be due to morbid conditions in other parts 
of the eye, as, for example, the iritis that accompanies ulcus serpens, diseases of 



^ Also known as the lesser circle of the iris. F. 
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obscuration of its beautiful markings. In this patient the ^'relief ^ of the iris 
and the structure of its surface appear to be effaced in large measure. This is 
the result of the exudation in the iris. Because of this the iris is more volumi- 
nous, the pupil more contracted and its mobility limited. 

The final indication of iritis is the formation of this exudate. 

An exudate may be composed, 1, of a serous, very albuminous fluid, the 
inflammatory oedema ; S, of threadlike coagulations, fibrin ; 3, of exudation cells, 
pus corpi^scles. According to the presence or preponderance of these individual 
constituents, we speak of an iritis as serous, serofibrinous, fibrinous, fibrino-puru- 
lent, or purulent. Hence, if the physician suspects an iritis, the first clinical 
question to be answered is : To what form of inflammation does this iritis belong? 
The answer is easy if we examine the exudate somewhat more carefully. 

The iris lies stretched between the anterior and posterior chambers, so there 
are three possible places where the exudation may have to be sought — in the iris 
itself, in the anterior chamber, and in the posterior chamber. In this case the 
obscuration of the details of the iris have been noted, therefore a serofibrinous, or 
fibrinous exudate is present in the (issue of the iris. With the loupe it may be 
seen that the anterior surface is covered with fibrin, which contributes materially 
to its washed-out appearance, while the iris itself is thickened by the exudation in 
its inner layers. 

Such an exudate is by no means confined to the iris. As the excretion in- 
creases, the fibrinous exudate may extend from the margin of the pupil to the 
anterior capsule and occlude the pupil with a dense membrane, a condition that is 
known as occlusio pupillse. In this case the entire pupil looks gray. In obsti- 
nate cases this fibrinous occlusion of the pupil persists, the fibrin becomes organ- 
ized and replaced by connective tissue. The name applied to this in German is 
Pupillenschwarte. 

Thus we have already learned one consequence of iritis, for it is evident that 
such a fibrinous membrane covering the pupil will interfere gravely with vision. 

The exudate from an inflamed iris may also be deposited in the posterior 
chamber, with a certain predilection for the place of contact between the margin 
of the pupil and the anterior surface of the lens, and lead to the formation of adhe- 
sions between the margin of the pupil and the anterior capsule, which we call pos- 
terior synechioe. At first these are fibrinous, but often become more firm and solid. 
A physician must always be on the lookout for these posterior synechise in every 
case of iritis. They are present in this case. We may differentiate them into 
two principal varieties. If the adhesion is confined to the retinal pigment layer 
it is usually linear, or seamlike (marginal), and then black, or gray-brown adhe- 
sions of the edge of the pupil to the capsule of the lens may be seen in various 
places. But if a greater extent of the posterior surface of the iris is adherent to 
the lens at such a place, single circumscribed foci of inflammation are present, 
which cause broader, or serrated adhesions. It is not difficult to recognize the 
posterior synechise in the present case, in which they have already become dis- 
tinctly formed, but in an acute attack with great contraction of the pupil they may 
sometimes be overlooked. We have a simple means of determining in any case 
of iritis whether such synechiae are present or not. We place a drop of atropin 
in the conjunctival sac; the pupil begins to dilate, but is held fast at the points 
of adhesion so that the posterior synechiae come into view as points, dentations, 
or seams. In grave cases the posterior synechiae maybe so massive and extensive 
that the entire pupillary margin of the iris becomes adherent to the anterior cap- 
sule of the lens, producing the condition known as seclusion, or exclusion, of the 
pupil. This is usually associated with a total or partial occlusion as well. The 
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peripheral and middle portions of the iris are bulged forward, producing the 
condition known as crater pupil.' 

The genesis of this morbid condition is readily understood if we recall that 
seclusio pupillte shuts off communication between the posterior and anterior 
chambers, thereby preventing the aqueous from passing through the pupil into the 
anterior chamber and damming it up in the posterior chamber, where it presses 
the iris forward. In such cases the ciliary body participates in the inflamma- 
tion, which produces an accumulation of inflammatory cedema in the posterior 
chamber that aids in pushing the iris forward. The protrusion forward of the 
peripheral portion of the iris diminishes the angle of the anterior chamber, and 
the accumulation of fluid behind it leads to an increase of the intraocular pressure 
and to excavation of the optic nerve. This is another consequence of the forma- 
tion of exudates in this disease. The tension must be tested in all casesof iritis. 

In order to determine whether seclusion is present, atropin is instilled and the 
tension tested. It not infrequently happens that the pupil dilates in one or more 
minute places, the narrow openings sufficing to prevent increase of tension. If 



Fig. 8.— Crater I^ipil, Due to Seclusio Pupillie. 

these consequences of exudative formations in iritis are competent to excite appre- 
hension, the foUowing are much more so. 

1 wish here to impress a fact to be remembered ; that in the vast majority of 
cases of iritis, the ciliary body is involved, and that the iritis is actually an irido- 
cyclitis. The reason for this is readily understood, because the iris issues from the 
ciliary body. When iridocyclitis is present, the ciliary body is frequently sensi- 
tive to pressure. If the ciliary body excretes an abundant fibrinous exudate the 
posterior chamber may be completely filled with flbrin, and then not only the 
margin of the pupil, but the entire posterior surface of the iris becomes adherent 
to the lens. This condition is known as total posterior synechia. 

We recognize this condition by the fact that the iris, including its peripheral 
portion, is drawn backward by the shrinkage of the masses of fibrin in the pos- 
terior chamber during organization and transformation into connective tissue. 

Exudates from the ciliary body may very easily take place into the vitreous, 
where they act optically as opacities and induce considerable visual disturbance. 
These opacities of the vitreous in iridocyclitis have another, still more serious, 
signification. They may become organized through granulation tissue. The 
tissue of the vitreous is in part resorbed, but the granulation tissue may prolifer- 
ate, often involving the connective tissue of the head of the optic nerve, then it 

' The German term Napfkuchenform der Iris, cup-cake form of the iris, would hanlly 
be intelligible to American readers, as their cup-cakea differ in shape from the German. 
The condition is known to French writers as "iris bombe," to English and American 
as "funnel pupil" and "crater pupil."— F. 
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shrinks and detaches the retina. Ablatio retinae may thus be the termination of 
a grave iridocyclitis. 

These vitreous exudates sometimes completely envelop the lens, coming from 
both the posterior chamber and the vitreous, and the access of nutritive fluid to 
the lens is thereby destroyed. The lens begins to grow opaque and cataracta 
complicata develops, another consequence of a serious cyclitis. 

Such eyes usually shrivel, as the result of the destruction of the vitreous, and 
the final act in this tragedy is atrophia bulbi. Such results may not only be 
studied in specimens, but will be met with in patients. 

We will now turn from these exudates in the posterior chamber to the an- 
terior segment of the globe, for it is self-evident that in iritis exudates may form 
in the anterior chamber as well. We must indeed look for them in every case. 

Such an exudate is the hypopyon in ulcus serpens. When there is pus in the 
anterior chamber a purulent iritis is naturally present, while we have thus far 
been dealing with fibrinous exudates only in the iris and the posterior chamber. 
The purulent, or fibrino-purulent, exudate in the anterior chamber tends to sink 
in the aqueous to the deepest part of the chamber, where its upper surface forms a 
horizontal line. 

Another form of exudate, the so-called precipitates, are much more common 
in primary iritis. In the patient now before you, we find a great number of 
minute gray specks arranged peculiarly on the posterior surface of the cornea. 
By simple focal illumination, or with the aid of a lens, or still better with Zevm^ 
loupe, it may be seen that the largest deposits lie deepest on the posterior surface 
of the cornea and that the arrangement comes almost to a point. In other cases 
the arrangement is irregular. • 

We have two ways of proving that these formations lie on the posterior sur- 
face of the cornea. First, by means of the binocular Zeisfi^ loupe they may be 
located very definitely. Second, when the anterior chamber is opened ; in such 
cases, we see a great part of these precipitates suddenly washed out of the eye by 
the escaping aqueous. 

In cases of iritis characterized by the presence of these precipitates, there is 
but little inflammatory exudation, and the condition is called iritis serosa. There 
is only a slight migration of exudate cells and excretion of fibrin. The cells 
become glued together into little lumps, which, suspended in the aqueous, are 
thrown by the movements of the eye against the posterior surface of the cornea, 
to which they adhere — the heaviest and largest lumps at the bottom. Frequently 
they can be found only by a careful search. Examination of these deposits with 
the loupe shows that they are of a gray, or yellowish-gray color, especially when 
the iris is blue or gray. But they may contain pigment, which is a sign that 
particles of pigment from the epithelium of the retinal pigment layer, or from 
the ciliary body, have been swept away by the round cells. If these precipitates 
alone are formed, the clinical diagnosis is seix>\is iritis ; but if there are, in addi- 
tion, fibrinous exudates in the iris and posterior chamber, we speak of a sero- 
fibrinous iritis. 

We need still to be able to differentiate these precipitates from opacities in 
the posterior layers of the cornea. Precipitates lie uniformly at the level of the 
posterior surface of the cornea and are sharply distinguished from their environ- 
ment. Opacities in the posterior layers of the cornea usually lie in different 
planes and blend gradually with the surrounding parts. This differentiation 
is not always easy, for little opacities in the posterior layers of the cornea may 
arise from the precipitates in an iritis and produce a circumscribed dulness of 
the opposite surface epithelium. This is a secondary keratitis. 



28 THE NORMAL LENS 

4. The Nonnal Lens in Youth and Old Age 

Prior to the consideration of the diaeasesof the lens, one of the most important 
and interesting organs of the eye, we must study the clinical anatomy and the 
clinical picture presented by the normal lens. 

This organ, named because of its lenticular form, lies behind the iris within 
the circle formed by the ciliary processes. It separates the anterior from the 
posterior segment of the globe, the iris with its pupillary margin lying upon its 
anterior surface, while its posterior surface rests in the fossa patellaris of the 



Fig. 9.— Section Through a Normal Human Eye. 

vitreous. The centre of its anterior surface is called the anterior pole ; that of 
the posterior surface the posterior pole J the line joining the two poles is the 
sagittal diameter of the lens, the lenticular axis. The equator of the lens is 
situated where the anterior surface bends over into the posterior. The diameter 
of the circle formed by the edge of the lens is termed the equatorial diameter ; 
the equatorial plane falls somewhat to the rear of the tips of the ciliary processes. 
The distance from the anterior pole of the lens to the posterior surface of the 
cornea is about S.6 mm. 

The lens is composed of 1, the lenticular capsule; 2, the lenticular epithe- 
lium ; 3, the lenticular Sbrea. The capsule is a fine, homogeneous transparent 
membrane, which is thicker in front (about 0.007 mm.) than behind (about 
O.OOS mm.), and very elastic, as is frequently demonstrated when it rolls up 
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after an injury. The fibres of the zonule of Zinriy the suspensory ligament of the 
lens, blend with its most superficial layers. The fibres of the zonule come from 
the inner surface of the ciliary body through the ora serrata, are closely connected 
with the pars ciliaris of the retina, leave the ciliary body at the tips of the ciliary 
processes, divide into fibrils and stretch over to the lens. The fibres of the zonula 
usually divide into three portions, one of which is inserted at the equator, one in 
front of it and one behind it. 

Between the equator of the lens and the bands of fibrils from the zonula, there 
appears on section a triangular space, the so-called canal of Petit. This is not a 
closed space, but is in communication with the posterior and vitreous chambers. 

Returning to the capsule of the lens, we find that during life it thickens, and 
in suitable preparations its construction of fine lamellae can be recognized. 
This brings us to its genesis. 

The embryology and pathology of the lens show that its capsule is a product 
of its epithelia. It has been calculated from the growth of the lens, that its 
capsule, in an adult, covers an area approximately two-thirds greater than that 
of the surface of the lens in an infant If the capsule of the lens became enlarged 
by being stretched, it would become thin ; but, in fact, its thickness increases 
throughout life. The marvellous uniformity of the capsule of the lens is an evi- 
dence of the constructive ability of the lenticular epithelia. 

The epithelium of the capsule is found beneath the anterior capsule ; it forms a 
single layer of cubical cells which ends with a sharp margin at the equator. The 
average diameter of an epithelium is about ^ mm., so it may be calculated that 
there are approximately half a million epithelial cells that cover the anterior cap- 
sule, provide for the formation of the latter, and care for the development of the 
lens fibres. 

With Rabl we divide the lens fibres into three groups, the central, the transi- 
tional and the principal fibres. The central fibres are the oldest and form the 
nucleus. Their nuclei have been lost and they appear on section to be dentate 
and shrivelled. The transitional and principal fibres compose the cortex of the 
lens. They are from 7 to 10 mm. long, hexagonal in section, and they grow 
toward the poles of the lens. As the capsular cells at the equator are arranged 
in meridional rows it follows that the fibres form radial lamellae, which compose 
the lens like the different sectors of an orange. This sectorlike arrangement may 
be demonstrated experimentally by soaking the lens of an animal in a weak solu- 
tion of potash, after which it may be peeled off in sectors. This sectorlike 
arrangement is often evident in diseases of the lens. 

Finally, a word concerning the stellate radiations of the radii lentis. The 
fibres of the radial lamellae do not unite in a point at the poles, but gather in 
radiating lines which form a stellate figure about the pole. 



With these preliminary remarks upon the anatomy we turn to the vital pecu- 
liarities of the lens, in which throughout life, under purely physiological condi- 
tions, a number of clinically interesting changes take place, with which the 
physician must be acquainted if he would distinguish the normal from the abnor- 
mal, the healthy from the morbid lens. The cause of these changes we find in 
growth and age. Senility in particular, which produces so many visible changes 
in our organism, leaves its traces even in the individual organs. In the eye it is 
the lens in which senile changes are particularly marked. We will therefore, 
to-day, compare the normal young and the normal old lens. 
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As long as the lens is healthy it remains transparent in youth and old age, 
though, as we shall learn when using the ophthalmoscope, the transparency grows 
less with age. The normal senile lens is differentiated from that of youth by 
four characteristics: 1,' the size; 2, the form; 3, the consistency; 4, tiie color. 
These differences are readily demonstrated with animal lenses, some of which 
have been preserved, some freshly prepared. After these have been studied we 
may turn to the examination of the lens in the living eye, and see in how far our 
clinical methods of investigation enable us to differentiate between old and young 
lenses. 

The lens is one of the organs of the body that continue to grow even in 
extreme old age, li^Le the nails and the hair. The meridional epithelial cells of 
the equator give rise to new fibres in the lens throughout life. This is accom- 
panied by a diminution of the water and a condensation of the interior of the 
lens, as may be both seen and felt, despite which the increased volume from this 
steady growth, due to apposition of new fibres, is so great that, according to 
Priestley Smith, the volume and weight of the human lens* increases one-third, the 
diameter one-tenth, between the ages of twenty-five and sixty-five. The differ- 
ence in size will be recognized immediately on examination of freshly prepared 
lenses from calves and from oxen. A comparison of the preserved lenses of 
children and of adults is likewise convincing. In the following table, after 
Priestley Smith, may be seen the increase in weight and volume of the lens with 
advancing age. 

Weight and Volume of the Human Lens with Advancing Age, According to 
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The average weight of the human lens in middle life is about 0.22 gram. The 
senile lens is, however, not only larger and more voluminous, but of a different 
form. A lens freshly dissected from the eye of an infant is nearly globular; a 
senile lens has a much greater equatorial than sagittal diameter, and its posterior 
surface is much more arched than its anterior. In the infant the equatorial 
diameter is about 6 mm., its thickness about 4.5 mm. ; the equatorial diameter 
of the senile lens is about 10 mm., the sagittal between 4 and 5 mm. 

The cause of this change in the form of the growing lens has not yet been 
ascertained, but it is thought that the constant tension of the zonula takes a part 
in its production. At all events, in cases in which the zonula is partially want- 
ing, the lens may have a different form at the places where this tension is gone. 

The third differential characteristic between young and old lenses, the con- 
sistence, is very distinct, as may be demonstrated by taking the lenses of calves 
and of oxen between the fingers. The first are felt to be quite soft, while the 
latter, on the contrary, are felt to have in the centre a firm, very glutinous mass, 
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which cannot be crushed by digital pressure, though the softer cortical layers are 
easily rubbed off. This can be recognized just as clearly in the human lens. 
The hardening of the lenticular nucleus is due to a process to which we apply the 
name sclerosis. This begins in youth and advances steadily to the most extreme 
old age, with the result that the oldest lens fibres continually become harder and 
harder from dehydration and flattened. 

This process of sclerosis goes hand in hand with an increase of the refractive 
index, caused by the dehydration, as Halben pointed out; but, whether the in- 
crease of the index in the human lens is due wholly to the loss of water, or, in 
part, to chemical changes, is still uncertain. The latter theory seems to me the 
more probable. 

A firm nucleus thus develops within the lens. It is clearly demonstrable 
about the twenty-fifth year, increases in size at the expense of the soft cortex as 
age advances, until, finally, in extreme old age, the tens consists almost wholly 
of a hard nucleus. This development of the nucleus is made clearly visible when 
a senile lens is divided in half, when not rarely the nuclear portion appears dry, 
and distinct from the moist and lustrous cortex. The significance of this process 
of sclerosis with regard to the function of the eye will appear presently. 

The final characteristic by which young and old lenses may be distinguished 
immediately is a striking contrast in color. First I will call attention to the 
fact that the animal lenses thus far considered are colorless. We have here the 
lens of a monkey, which is distinctly yellow. Even the perfectly normal lens of 
an infant is not colorless, but yellowish, as may be seen by placing it on a sheet 
of white paper. By this means human lenses may be differentiated from the 
lenses of animals, with the exception of monkeys and apes. This yellow hue of 
the human lens constantly becomes more marked as age advances. Generally 
the color of the healthy lens varies from a clear wine yellow to a deep brown, with 
extremely great individual differences, and regularly decreases from the nucleus 
toward the periphery. In some cases the brown color of the lens becomes so 
great, and the absorption of light thereby induced so disturbing, that we are 
obliged to remove the lens from the eye. The causes of all these differences in 
consistence and color between young and old lenses are still unknown. 

We will now turn to the living eye and study the healthy lens. There are 
three principal methods at our disposal for the usual clinical examination of the 
lens: 1, ordinary observation by daylight; 2, focal illumination; 3, ophthalmo- 
scopic observation. With these we will compare the lenses of a child and of an 
elderly person. In the child the pupil appears black in ordinary daylight, and 
nothing in particular can be seen of the lens. By focal illumination in a dark- 
ened room the pupil has a delicate gray sheen. This is strikingly distinct when 
comparison is made with the pupil of an eye from which the lens has been 
extracted, which is deep black when examined in this manner. This shows that 
the healthy, young, perfectly normal and transparent lens reflects some light, 
which is not surprising when we consider the anatomical construction of the lens 
from a great number of fibres. 

The room is now made perfectly dark, and a light is moved about at some 
distance from the eye. By looking carefully, not only the familiar reflex from 
the cornea may be seen, but two other reflexes as well, one from the anterior and 
the other from the posterior surface of the lens. These are the Ptirhinje-Sanson' s 
reflex images. The anterior surface of the lens acts, like the cornea, as a convex 
mirror. 

The anterior lenticular reflex originates in the focal point of the reflecting 
8iu"face, which, with a radius of 10 mm., lies 5 mm. behind the anterior and 1 



26 LENTICULAR REFLEXES 

mm. behind the posterior surface of the lens. The anterior lenticular reflex is 
an upright, small, virtual image, very faint, and usually seen with more difficulty 
than the posterior lenticular reflex. The dimness of the anterior lenticular reflex 
is largely due to the fact that it is not produced wholly by reflection from the 
anterior capsule, but partially by light reflected from the most anterior parts of 
the lens cortex. 

In demonstrating the anterior lenticular reflex the patient is told to gaze 
directly forward, the light is held on his temporal side about 45° from the visual 
line, while the observer looks into the eye from the nasal side, likewise at an angle 
of about 45^. The light is then moved and the dim upright image is seen to 
move in the same direction. 

The study of the anterior lenticular reflex with Zeiss loupe is interesting. If 
we direct it to the anterior surface of the lens at the margin of the pupil, the 
anterior reflex appears as a dimly luminous spot in which we can perceive numer- 
ous small, delicate, roundish areas. This delicate, shagreened appearance is 
plainly due to the capsular epithelium ; for, in animal lenses in vitro, it is visible 
only on the anterior surface. 

The posterior lenticular reflex can be demonstrated much more easily. It is 
cast by the concave posterior surface of the lens and is an inverted, small, real 
image. It lies in the focal point of the posterior surface of the lens, about S 
mm. in front of the latter, and about 1 mm. behind the anterior surface of the 
lens. If we now lower the light, the little sliining point rises, while the corneal 
reflex moves in the same direction as the light. This form of examination is 
much employed when it is necessary to prove whether an eye contains a lens. 

With the ophthalmoscope, we find that the young normal lens is perfectly 
transparent. Now and then we find in children a sharply circumscribed dark 
spot in the region of the posterior pole, an innocuous residuum of the atrophied 
arteria hyaloidea ; with this exception nothing is to be seen of the lens itself. 
But it is this transparency and absence of opacities that shows us we are dealing 
with a normal lens. Our ordinary methods afford us little information concern- 
ing the form, color, size and consistence of the young lens. Its slightly yellowish 
hue cannot be perceived against the red background and we can determine 
nothing in regard to its form and size. I wish to call particular attention to the 
fact that even when the pupil is dilated the margin of the lens remains invisible. 

In order to exhibit this margin, I have here a patient on whom an iridectomy 
has been performed. When the eye is turned far upward, the margin of the lens 
may be seen with the ophthalmoscope as a dark line. This is not always, even in 
the healthy eye, a smooth circular line, but may be slightly wavy, from an 
alternation of minute elevations and depressions. Hess has shown that these 
elevations are often more distinct after the use of atropin in the eye than after 
the use of eserin. Probably they are due to tension on the part of the zonula. 

It can be proved only indirectly that this young lens is of the normal con- 
sistence. If we tell the child to read and hold the print very close to the eyes 
the accommodation functionates promptly. The lens is still capable of a great 
change' of form. The result will be different when our second patient, with a 
senile lens, is examined. 

The pupils of this elderly patient are much more distinctly gray even by 
ordinary daylight. Compared with the lens in youth the senile organ has far 
greater powers of reflection, and this physiologic lenticular reflex must never be 
confounded with cataract. With the ophthalmoscope the lens is seen to be trans- 
parent. 

By oblique illumination we find in addition to the gray appearance, a yellow- 
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ish gray tone of color ; this brownish reflex from the lens is very distinct, especi- 
ally when the pupil has been dilated. Hence in many cases the yellow color can 
be detected more easily in an old lens. The centre of the nucleus is stained more 
distinctly. 

The dark lines of the anterior stellate rays also come clearly into view by 
focal illumination. Recapitulating oAce more the four characteristics that differ^ 
entiate the old from the young lens we find : 

That the senile lens is larger and more voluminous, as indicated by the fact 
that in age the anterior chamber is shallower than in youth. 

That the senile lens is more yellowish, as shown by the brownish gray reflex. 

That the senile lens has an altogether different consistence. If we hand this 
old patient a book to read he energetically refuses. The increased density of 
the lens, the enlargement of its nucleus and the loss of elasticity common to old 
age no longer permit the accommodative change of its form. These differences 
between the normal yoimg and the normal old lens should remain thoroughly 
impressed on the mind. 

In the dark room I will demonstrate an interesting phenomenon by means of 
a suitable small light, a delicate osmium incandescent lamp. Formerly it was 
thought that only one lenticular image was formed in the anterior portion of the 
lens of the normal eye, the anterior Purkirye^s image. But Hess has shown that 
after the age of twenty-five years, a second upright image may be made to appear 
in the anterior portion of the clear lens. Its luminosity increases with age, and 
in old people it is nearly as bright as the anterior lenticular reflex. If the little 
lamp used by Hess is held laterally, so that its light enters the eye of an old 
patient, and the lamp is moved up and down, it will be perceived that, together 
with the corneal reflex, are two others that move up and down in the same direc- 
tion as the light. The first of these is the anterior ^^ reflex of the cortex^ ^; its 
excursions are greater than those of the second, the *' reflex of the nucleus. ^^ If 
the lens reflex seems at first to be single, it may be separated into two by moving 
the light about. It can then be seen that the reflex from the anterior cortex is 
somewhat more luminous than that from the nucleus. In elderly persons it is 
also demonstrable that the inverted posterior lenticular reflex is composed of a 
reflex from the posterior cortex and the posterior nucleus. 



II 

Diseases of the Conjunctiva and Cornea 



5.- Guiding Principle in tbe Analysis and Diagnosis of the 

Commoner Opacities of the Cornea 

We are now in a position to study clinically the morbid conditions of the 
conjunctiva and cornea, but before we enter upon their individual diseases there is 
one subject with which I think we should be familiar, the clinical pictures presented 
by the commoner opacities of the cornea. We continually meet with opacities of 
the cornea, the nature of which is of fundamental importance in the diagnosis of 
the disease in question, whether it may be a keratitis secondary to a conjunctival 
disease, or a primary affection. For the disease in question, whether of the 
conjunctiva or of the cornea, may be diagnosed from the sort of corneal opacity 
in a great many cases. There is a certain clinical concept with which we have to 
deal and which should be thoroughly understood before we begin the study of the 
individual diseases of the outer segment of the eyeball, because we can then go 
•forward so much more rapidly. Every academic teacher knows that it is difficult 
for students to find their way unaided among the corneal opacities. In spite of its 
diminutiveness the cornea presents a variegated mixture of clinical pictures. 
In addition to this, each individual morbid type presents variations. There is 
scarcely a diseased cornea that resembles exactly another suffering from the same 
type of disease, and it is not surprising that, lacking the necessary experience, 
students lose their way in this labyrinth of clinical pictures. I have drawn up 
this simple table in the hoj^ that it may be useful as a guide; the commonest 
corneal opacities may be analyzed through the four questions it suggests. It hardly 
needs to be said that diseases do not really have such rigid outlines and that all 
clinical pictures are not included in the chart. The principle is to teach the 
student to investigate independently ; if this aim is attained I shall be satisfied. 

The multitude of corneal opacities is divided into two groups, fresh and old, 
for opacity of the coniea is not only met with in acute disease, but, unfortunately, 
is often permanent. The border line separating the fresh from the old, or very 
old, opacities cannot be sharply drawn, for there are many transition stages. The 
extremes may be learned, and then the student will gradually become acquainted 
with the transition forms. For the present it will suffice to answer the sharply 
defined interrogation: Is this a fresh, or an old process? In regard to this we 
have a certain infallible sign, which leads us to the consideration of two clinical 
concepts, the conjunctival and the pericorneal injection, with which we shall have 
to deal continually. Whenever there is an inflammation in the anterior segment 
of the eyeball, we meet with a hyperaemia as an accompanying, or local, phenom- 
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* 

enon in two different vascular regions of the eye, the regions of the conjunctival 
and of the anterior ciliary vessels. Hyperaemia of the superficial vessels of the 
conjunctiva sclerae we call conjunctival injection; that of the more deeply 
situated ciliary veins we denominate ciliary, or pericorneal, injection. In many 
violent inflammations of the anterior segment of the eye we find both of these 
vascular regions hyperaemic and injected, for there are numerous anastomoses 
between them. Tliese two injections must be most accurately known. Even 
when they occur together they may be readily distinguished. 

In our first patient the conjunctiva sclerae is reddened. The redness consists 
of a network of larger and smaller bloodvessels about the cornea, the individual 
vessels of which are clearly defined. That they belong to the conjunctiva is 
shown by the fact that they can be slid to and fro with the conjunctiva by pres- 
sure with the margin of the lid, and their superficial position is also indicated by 
their bright red color. 

The conditions are quite different in the next patient, about whose cornea may 
be seen a narrow zone of markedly violet color, in which the individual vessels can- 
not be distinctly seen. The redness is diffuse, and the color is different from that 
in the other case. These indications show that the vessels occupy a deeper situation, 
that they lie in the layers of the scleral lamellae. This may be proved by the 
fact that these vessels do not move with the conjunctiva when it is shoved to and 
fro. Somewhat farther from the cornea the veiled appearance of the vessels indi- 
cates their deeper location. 

Pure types of these two forms of injection are met with in compcu'atively few 
cases ; more frequently both vascular systems are more or less injected, because 
of the numerous anastomoses, but usually one or the other predominates, so that 
the condition is easily recognized. 

Now we will return to the query why so much emphasis is given the presence 
or absence of a pericorneal injection when we see an opacity of the cornea. Clini- 
cal experience has taught us that ciliary injection is preeminently an accompani- 
ment of diseases of the cornea, iris and ciliary body ; hence, if we find a ciliary 
injection of the eye in which there is an opacity of the cornea, it proves that 
there is present either an acute keratitis, or a keratitis that is not yet well. 
Therefore, to answer the first question, whether the process is fresh or old, we 
have only to note the condition of the eye as regards injection. 

I. Qinical Use of the Chart 

Study of Progressive Ulcus Corneae 

Here is a patient whose eye is plainly much irritated. He blinks constantly, 
the eye lacrymates, he complains of pain. The irritated condition, which may be 
seen from a distance, demonstrates that this is not a case in which the disease has 
run its course. When the eye is open we may see by daylight an opacity in the 
centre of the cornea. The first question is: Fresh or old? There is a marked 
conjunctival injection over the entire conjunctiva sclerae, and in addition a very 
distinct dull violet pericorneal injection. Hence the process is fresh. With this 
differentiation one-half of the corneal opacities in the chart are excluded, and we 
pass at once to the second question : Is the opacity due to an ulcerated loss of sub- 
stance in the cornea or not? Is an ulcer present or not? This question was chosen as 
the second because it is always the most easily answered. In order to determine 
whether a loss of substance is present it is necessary only to look into the eye 
from the side, or to use focal illumination, and we usually find that at one point 
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on the surface we are able to see into an excavation of the parenchyma. The 
most marked phenomenon in our patient is a yellowish gray opacity in the centre 
of the cornea which is fresh, because the eye has both a conjunctival and a ciliary 
injection, and a distinct loss of substance in the cornea can be seen. This is the 
first ulcer of the cornea that we have clinically diagnosed. 

An ulcer of the cornea is a loss of substance that extends from its surface into 
the parenchyma to a varying depthy and is caused by necrosis of the (iffected por- 
tion of the corneal tissue. 

These circumscribed necroses of the surface of the cornea are produced in two 
ways. The surface may be sloughed by the action of acids, or alkalies, as in lime 
bum, leaving ulcers, but by far the most common cause is an infection. In prac- 
tice we have most often to deal with infectious ulcers. Inflammatory agents 
enter the tissue from the surface, settle, multiply and excite inflammation 
by their toxic products. A preliminary condition to the production of most 
ulcers of the cornea is a lesion of the epithelium. The cardinal symptoms are 
inflammation, degeneration and regeneration. Increased numbers of cells appear 
in the vicinity of such settlements of the infectious agents ; leucocytes wander into 
the cornea and form dense infiltrates of round cells between the corneal lamellae 
in the affected portion. In addition to these pus cells, to the cellular exudate, 
we find anatomically signs of an cedematous satiu*ation, and of excretion of fibrin 
in the tissues. If this exudation, together with the toxic action of the bacterial 
products of inflammation, is so great that the nutrition of the tissue is interfered 
with, the corneal lamellae assume a finely granular appearance, swell and finally 
break down. When the necrotic portion is thrown off an ulcer remains. 

During the course of an ulcer of the cornea, certain phenomena regularly 
occur which demand our attention. The question whether it is healing, or 
spreading, is of special interest. Every corneal ulcer has a progressive and a 
retrogressive stage. In this patient the prominent symptoms of irritation, 
together with its duration as given in his history, indicate that we are dealing 
with an ulcer in its first stage of development, but there are points in the clinical 
appearance of the ulcer itself from which we can determine whether it is spread- 
ing or not. 

When a corneal ulcer shows a tendency to progress, the surrounding parts of 
the cornea are greatly infiltrated. This may be recognized from the fact that 
the base of the ulcer is gray, opaque and uneven, while its margins still appear 
yellowish and purulent, or very gray. The ulcer is also frequently surrounded 
throughout a large portion of its extent by a gray areola, or fine gray striae 
extend from it in various directions. These are infiltrations that gradually 
fade into the surrounding cornea. In this way new areas in the neighborhood 
are invaded by the infiltration and break down into pus. Such an ulcer is spread- 
ing, is progressive. 

In progressive ulcers the inflammatory irritation is not confined to the cornea 
alone. The iris is apt to be involved in the form of hyperaemia and inflamma- 
tion. This distant action on the vessels of the iris will be taken up more in 
detail in the consideration of the various types of corneal ulcer. 

The next thing "we need to know is in what direction such an ulcer will 
progress, and in regard to this the clinical examination furnishes certain data. 
Two things are possible : the ulcer may progress in the direction of depth, or 
along the surface. In the former case it destroys one layer of the cornea after 
another and may finally result in perforation, a complication that leads to further 
trouble. In the latter case the extension is superficial. In both cases the pro- 
gression takes place where the cornea is most markedly gray, or yellowish, where 
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the tissue is most infiltrated with pus-cells. This condition is most marked at 
one part of the margin in our case. There are many cases in which the progress 
is simultaneously both superficial and deep. Having thus recognized an opacity 
of the cornea to be a fresh ulcer by means of this systematic interrogation and 
the clinical data, the next question concerns its origin. In practice we have 
three different causes of an ulcer of the cornea: 1. Ulceration of the cornea may 
occur in all forms of conjunctivitis, catarrhal, croupous and purulent. The 
details of the appearance and course of such ulcers will be given with the demon- 
stration of those diseases. 2. The ulcers met with in keratoconjunctivitis 
eczematosa must be looked upon as a special form, which demands particular 
attention. 3. Ulcers of the cornea develop very often after slight injuries of the 
eye. We meet with them chiefly in adults of the laboring classes. This type is 
represented by the so-called ulcus serpens, with which we shall deal at considerable 
length, as it is of great importance to the physician. 

The most important points in the differential diagnosis between these ulcers 
are as follows : 

Ulcus serpens : 1. This disease attacks only middle aged or elderly persons. 
2. It is usually situated in the centre of the cornea. 3. It spreads superficially. 
4. It is usually associated with a severe iritis and an accumulation of pus in the 
anterior chamber. 

Ulcus eczematosum: 1. This is a disease of youth, met with in children who 
are suffering from keratoconjunctivitis eczematosa. 2. It may appear anywhere 
on the cornea. 3. Its form is roundish. 4. In contrast to ulcus serpens it tends 
to progress deep into the parenchyma of the cornea, and, therefore, is very apt to 
result in perforation. 

Ulcus catarrhale: 1. This form of ulcer is found only at the margin of the 
cornea. 2. It is usually of a sickle-shaped, or crescentic form. 3. It is asso- 
ciated with catarrhal inflammations of the entire mucous membrane which have 
a purulent secretion. 

11. Study of the Corneal Infiltration 

Our next patient is a child who has, near the margin of the cornea, a round- 
ish gray opacity about as large as the head of a pin. 

First question: Is it fresh or old? Answer: Fresh, for symptoms of irritation 
are present, consisting of photophobia and blepharospasm, and there is a distinct 
ciliary injection. Second question: Is there an ulcer present? Answer: No, for 
no loss of substance can be found. The opacity is a little focus over which the 
epithelium of the cornea is still present. Closer inspection shows that the epithe- 
lium looks delicately gray, and somewhat as if it had been pricked with needles. 
Our next question is: Is the opacity superficial or deep? This is the most diffi- 
cult to answer of all the questions in this analysis. It requires a certain amount 
of experience to distinguish between superficial and deep lesions, for the cornea is 
only about a millimetre thick. The differentiation is made through the fact that 
superficial opacities of the cornea are always distinct, while the decj^er ones arc 
more or less veiled. In order to answer more easily thfs important, and fre- 
quently decisive, question of diagnosis, I advise that it be combined with our final 
question : Is it provided with bloodvessels, or not? The normal cornea contains 
no bloodvessels, but many corneal diseases and, likewise, opacities are associated 
with an active new formation of vessels, which are easily to be seen. This vascu- 
larization of corneal opacities is often so characteristic, according as it is situated 
in the superficial or deep layers, that it gives immediate information concerning 
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the position and depth of the opacity itself. In the present case no bloodvessels 
are to be seen, the corneal opacity is recent, it is superficial, as is plainly evident 
from the elevation of the epithelium ; hence, according to our guide, it can be an 
infiltrate only. 

An infiltrate is nothing else than the first stage of an ulcer of the cornea. 
We understand an infiltrate to be an exudate composed of cells into the paren- 
chyma of the cornea, a localized permeation of the tissue beneath the epithelium 
with lymphocytes or leucocytes ; therefore the beginning of a circumscribed in- 
flammation of the cornea. The epithelium over such an infiltrate suffers very 
easily and quickly, it loses its smoothness and may become somewhat elevated. 
The roundish form of the infiltrate is caused by this localized collection of cells. 
A concept of the little focus of inflammation presented by this patient may be 
obtained from a study of the microscopic preparations and drawings. 

If the infiltrate becomes somewhat greater, i.e., if the exudation increases. 
Bowman" s membrane may become implicated, the epithelium exfoliates still more, 
the infiltrated parenchyma becomes necrotic, and an ulcer of the cornea is formed. 

An infiltrate may, however, be entirely resorbed without destruction of the 
affected portion of the cornea. Restitutio ad integrum begins, and the portion of 
the cornea hitherto opaque becomes clear again, but a result so fortunate is 
observed only in small and benign infiltrates, as a rule. When the infiltrate is 
deeply seated, we may become clinically aware of the destruction of corneal tissue 
only by noticing the resultant opacity and cicatrization. 

Thus our ideas concerning the beginning of corneal ulcers have been perfected, 
and at the same time we have analyzed, with the aid of our chart, a new form of 
corneal opacity. 

Among the superficial diseases of the cornea is the opacity caused by the 
so-called keratitis disciformis, a comparatively rare disease. The focus lies in the 
centre of the cornea, develops an infiltration beneath the epithelium which 
spreads like a disc in all directions, involving the deeper layers. The disease is, 
moreover, so tedious that its long duration is a point in its diagnosis. 

ni. Purpose of the Chart 

Study of the Final Results of Corneal Ulceration 

Our next patient has an opacity of the cornea that appears slightly gray on 
ordinary inspection. No signs of irritation and no ciliary injection are to be 
seen, so the process is evidently old. We also see, particularly with focal 
illumination, a loss of substance in the cornea, which proves the presence of an 
ulcer, although its syndrome is very different from those we have seen. The 
reason for this is that whenever an ulcer of the cornea, of whatever origin, comes 
to a standstill, all the necrotic tissue is cast off and the exudates in the margins, 
base and vicinity of the ulcer are gradually resorbed. We recognize this heal- 
ing of the ulcer, clinically, from the fact that its base becomes gradually cleared 
up and its margins smooth. Active proliferation takes place in the epithelium 
of the cornea, which grows over the base of the ulcer until the defect is covered. 
Then we see, as in this patient, a loss of substance still, but it is no longer gray, 
it is covered by glistening epithelium and can no longer be stained by fluorescin. 
A little later and we shall scarcely be able to speak of a distinct opacity at all, 
because everything appears transparent, but still later, when cicatrization has set 
in, an opacity appears again on the site of the former ulcer. The corneal tissue 
displays a wonderful tendency to replace and fill out the defects produced by 
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ulcers to the normal level of the surface, the restitution of the loss of substance 
taking place beneath the protective covering of epithelium. 

The replacement of tissue in such a defect frequently does not equal our ex- 
pectations : with no signs of irritation a distinct depression is left, covered with 
glistening epithelium. Such a depression is called a facet. As a rule, however, 
the defect is completely replaced by tissue. Two different processes contribute to 
this end. 

In very small ulcers the proliferation of the fixed cells produces new corneal 
tissue, which assumes a normal arrangement and is capable of a high degree of 
transparency. The younger the patient the better is this regeneration of tissue. 

In the overwhelming majority of cases the new tissue is of a different charac- 
ter, and healing takes place by cicatrization through a new formation of con- 
nective tissue. This newly formed connective tissue is constructed of gross fibres 
and is not transparent like the normal cornea, but forms a scar called leucoma, 
because of its gray white, or white appearance. In these processes, in which 
regeneration of the corneal tissue takes place along with a development of con- 
nective tissue, it is noteworthy that a BowmarCs membrane once destroyed is 
never reformed, while Descemet^s membrane may grow again. 

Because corneal ulcers heal with cicatrization we are able for years, often for a 
lifetime, to read in a patient^s eye that he has suffered from one or more ulcers by 
noting the corresponding opacities present. In the patient now before us the 
eye is perfectly free from irritation, the disease ran its coiu'se long ago. The 
opacities are superficial and contain no vessels. The epithelium over them is 
perfectly smooth and lustrous. Accordingly we diagnosticate, guided by our 
chart: Old opacities of the cornea, maculae. If they are very delicate and 
translucent, we call them nubeculse. All of these opacities have the same origin — 
they are colmective-tissue scars, left after the healing of ulcers of the cornea. 

This is still more distinct in our next case. Healing took place long ago, 
there is no longer any loss of substance, the corneal opacity is superficial, intensely 
white, with a tendinous lustre. This is a leucoma cornese due to previous 
ulceration, and its glistening white appearance is caused by the fact that this layer 
of connective tissue is rather thick, an indication that the preexisting ulcer must 
have penetrated deeply into the parenchyma of the cornea. When such ulcers are 
of considerable extent healing may take place with the aid of a marked neoplastic 
formation of vessels in the cornea. Hence, we are apt to find a greater or 
less number of bloodvessels in extensive leucomata. 



6. Analysis of Vascularized Opacities of the Cornea 

Although the ophthalmological text-books consider separately the morbid 
syndromes of the conjunctiva and cornea, such a division cannot be followed in 
practical study. Emphasis has been laid a number of times upon the fact that 
there is quite a number of diseases of the conjunctiva in which the cornea may be- 
come sympathetically involved. There is scarcely a part of the human body in 
which, on so limited a territory, such a multiplicity of morbid syndromes may be 
found as in the cornea. Of the thousands of clinical pictures to be seen in the 
cornea, no one is exactly like another ; a law of pathology which, it is granted, 
is fundamentally true to a greater or less degree of all organs of the body, but is 
rarely displayed in so striking a manner elsewhere. The most notable property 
of the cornea, clinically, is its transparency ; this property must suffer change from 
the least morbid alteration in its tissue. In fact, most diseases of the cornea 
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is insufGcient, we need to know whether we have to deal with a trachoma, or an 
«CEeinatoua keratitis. 

The most important characteristics for the differential diagnosis between 
pannus eczematosus and trachomatosua are as follows: Keratitis eczematosa is a 
disease of childhood; therefore, eczematous pannus is met with chiefly in young 
persons while trachoma patients are usually middle aged, or elderly. E^ma- 
tous pannus may also start from any place on the cornea, while trachomatous 
pannus almost always begins at its upper margin. It is also characteristic of the 
latter that it is terminated for a long time by a sharply de6ned horizontal line. 
It is only in the latter part of the course of grave cases that pannus trachomatosus 
spreads over the entire cornea, but even in such cases the upper portion is more 
seriously affected. Such a condition will naturally lend us to look immediately 
for other trachomatous changes io the conjunctiva. Thus, the aspect of such a 
superficial vascularization may give important information concerning the nature 

of the disease present and enable 
us to detect the fundamental 
trouble. 

2. A Case of Old Pannui 

Vascular opacities of the cor- 
nea have their fresh and their 
old stages, and it is characteristic 
of the human eye that corneal 
opacities are capable of an ex- 
tensive retrogression. In this 
the vessels take part. TTiey 
persist longest in the processes of 
retrogression, as a rule, and then 
we can recognize again from 
Fio. 10.-Pannua. their position and manner of ex- 

tension that this or that disease 
ha-s been present in the eye. This patient furnishes an example. 

There are no longer any signs of irritation, the disease has run it course, and 
yet some ramifying vessels may be perceived in the opacity and traced to the 
conjunctiva, proving them to be sujierficial. Our diagnosis is an old pannus. 
As regards the involution of these vessels it has been believed that they become 
largely obliterated, and there is no doubt that the superficial vessels in the cornea 
are capable of an extensive involution, but isolated vessels can be found by care- 
ful examination even in the oldest superficial opiicities of the coniea. On the 
other hand, in our treatment of piiiuuis, e.g.. in je<)uiritol ophthalmia, frequently 
also when ull phenomena of irritation are absent, such an extensive vasculariza- 
tion comes into view in so Nhort a time that we are forced to admit the persistence 
of vessels, even when tliey had Ixin Icxikcd for in vain. 

S. A Cditr of Viinnim Urgrneralivus 

In this patient a little ulcer may Iw mihu near the margin of the cornea, to 
which little veswls extend from the liniluiH. Clinically, this is a good sign, such 
vessels serve for regcnenition, and thii form of vasculur opacity is called pannus 
regenerativus. TluM can hanlly Im; iniHiiikcn for ordinary [mnnus. because the 
latter is more diffuNC and ulccrn do not apixTtaiii to its clinical picture. 
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4. Opacity with Vascularization : Keratitis Fascicularis 

In this case again vessels may be seen in the cornea, but the opacity in which 
these little vessels run is not to be mistaken for a pannus. It is narrow and 
tonguelike, whereas the vascularized opacities we have been studying, especially 
pannus, involve a greater area of the cornea. This is the so-called keratitis fasci- 
cularis, which will be considered in detail presently. It is sufficient just now to 
note the superficial position of the vessels and its characteristic form. 

5. Species of Vascularized Opacities : Vascular Leucoma 

This is still another case of vascular, superficial opacity. It is sufficiently 
distinct in its whitish, glistening tissue, to be recognized at a distance as a 
leucoma. Numerous fine and coarse vessels, a large part traceable to the margin 
of the comea> may be seen in this cicatricial tissue. The leucoma, which occupies 
a large portion of the cornea, resulted from a grave ulcer that formerly existed at 
this place, and this case illustrates the fact that the healing and cicatrization of 
large defects in the cornea takes place in connection with a considerable new 
formation of vessels. The tendonlike appearance of such opacities indicates the 
diagnosis at once ; even on the street persons with such leucomas may often be 
recognized from afar. 

B. — Deep Vascular Opacities of the Cornea : Keratitis Parenchymatosa 

The picture presented by the next patient is altogether different. The cornea 
has a red color, which can come only from bloodvessels, but it is a dirty gray-red, 
because the vessels are obscured by the overlying opaque layers of the cornea, so 
that it is difficult to discern individual vessels with the naked eye, except at the 
margin of the cornea, where the task is rather more easy. At that point, too, the 
vessels seem to suddenly end, contrasting in this respect with those of the super- 
ficial vascularization. They disappear behind the limbus because they plunge 
into, or more correctly emerge from, the depth of the sclera. Finally, it can be 
perceived at the margin of the cornea that they consist of individual, rather 
parallel vessels. Hence we speak of a broomlike branching of the vessels in the 
deep vascularization. 

Even when a keratitis parenchymatosa has completely run its course, through- 
out the life of the patient indeed, a part of these vessels remain in the cornea, so 
that these persistent, deep corneal vessels can be utilized in the analysis of a case 
of this disease even in it oldest stages. 

A phenomenon so peculiar and so important clinically as a new formation of 
bloodvessels in the otherwise non-vascular cornea cannot be passed by without at 
least one query as to its physiological significance, though the sum of our knowl- 
edge in this matter is still very slight. It seems to be incorrect to say, with Fticha^ 
that the superficial vessels serve for purposes of repair, while the deeper ones of 
interstitial keratitis pertain to the clinical picture of inflammation. We must 
admit in all cases that the development of bloodvessels in the cornea indicates a 
reaction of the tissue to irritants that may be of mechanical or chemical nature, 
but usually consist of abnormal products of metabolism which stimulate the 
growth of the vessels. The functions of these vessels therefore differ according 
to the stimuli. 

They may perhaps furnish certain protective substances t» the inflammatory 
foci that cannot be supplied by the lymphatics alone, and, in grave ulcers, they 
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undoubtedly serve to supply material for the filling up of the defects. Above all 
they are of importance in iiie clearing up of corneal opacities. This is shown by 
the fact that in the involution of such opacities the first places to clear up are in 
the immediate vicinity of the vessels. 

I advise that this chart be firmly fixed in the mind. With the four questions : 
Fresh or old process? Ulcer or no ulcer? Superficial or deep? Vessels or 
no vessels ? — we can deal quickly with the great majority of corneal opacities. It 
may be confusing for a time, but by this method the power for independent investi- 
gation will be acquired. Given a great number of patients with various corneal 
troubles, the student with a working knowledge of this chart will be able, inde- 
pendently, to analyze them into separate groups and to diagnose with certainty. 

A demonstration of how much more can be seen with the Zeiss^ corneal micro- 
scope will be of advantage. We will use the objective «2> and the ocular 2, 
thus obtaining an enlargement of ^4. 

There remain two important points for us to consider in the analysis of vascu- 
larized opacities of the cornea. First, it can be seen in this patient that the 
movement of the blood may be directly ^een in the newly formed superficial ves- 
sels. We are able to watch this movement chiefly in the veins, for it is evidently 
centrifugal, from the centre toward the periphery of the cornea. This is of great 
clinical and diagnostic interest, for we cannot see this movement of the blood in 
corneal diseases as long as the inflammation is at its acme, but only after the 
inflammation has abated and the current has become slower. We can therefore 
recognize the abatement of the inflammation from the appearance of a visible move- 
ment of the blood in the newly formed corneal vessels. Another phenomenon 
which is of interest is that in many cases we can verify a dependence of the move- 
ments of the blood column upon the pulse-beat. 

A second reason why vascularized corneal opacities should always be examined 
with Zeiss' corneal microscope is this: The conditions of corneal vascularization 
are, actually, more complex than is indicated in our schematic interrogatory. 
It is only for didactic reasons, not to make the subject too complex at first, that 
we have said that the distinctly visible, superficial, ramifying vessels in the cornea 
pertain to superficial, conjunctival inflammations, while the broomlike vessels 
indicate a disease of the deeper layers. It is certainly correct that the subepithe- 
lial ve^ls coming fn,m the7upe4ial marginal netJork usually exhibit aV- 
like branching, while those from the deep marginal network as a rule follow a 
direct coiu-se. The explanation of this peculiar arrangement is that the superficial 
vessels between the epithelium and Bowman's membrane can develop to a certain 
degree unhindered, following no prescribed routes. The deeper vessels, on the 
contrary, run between the lamellae of the cornea, which force them to follow 
more direct courses. It may also be seen that the course of the parent stem of 
the arboreally branching, superficial vessels is considerably different from that of 
the venous channel, while the arteries and veins of the deep vessels in the lamellse 
lie close together and parallel. It may also happen that vessels belonging together 
are at different depths, and we meet with an anastomosis between vessels at 
different depths, especially in cases of grave cicatrization in the cornea, when an 
oblique course of the vessels is not a rare occurrence. 

The subepithelial vessels develop in such a manner that individual sprouts 
push forward into the cornea, while the beginning of the development of the 
lamellar vessels is always by means of a loop representing a double vessel. 
Although we are able to thus easily classify anatomically the two kinds of vascu- 
larization, yet it is maintained clinically that the lamellar vessels are not charac- 
teristic of keratitis parenchymatosa and are by no means confined to that disease. 
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According to the researches of Atigstdn and of Brueckner^ which every clinician 
who uses Zeiss'' loupe regularly can confirm, there is no doubt that we regularly 
meet with the development of lamellar vessels in other corneal diseases. If this 
development is traced more accurately the lamellar vessels may be subdivided 
into three groups : 

Lamellar vessels in the superficial, rarely in the middle, layers of the cornea. 
These are met with chiefly in keratitis eczematosa, especially when the ulcers 
are near the margin. Not infrequently it can be ol^rved that these vessels 
divide into tufts. Among other corneal affections that may result in the develop- 
ment of individual, superficial lamellar vessels may be mentioned encapsulated 
foreign bodies and mild cases of lime bum. 

We shall now concentrate our attention on patients with keratitis parenchyma- 
tosa, of which it is characteristic that the vessels run chiefly in the middle layers 
of the cornea. A little practice will enable the student to demonstrate this with 
the aid of the binocular vision afforded by this invaluable instrument. In some 
cases superficial lamellar vessels are also present. 

Finally, we can differentiate lamellar vessels in the deepest layers of the cor- 
nea. They are met with, together with the superficial, during the healing of 
large ulcers. Such deep vessels are especially frequent in the scars left by ulcus 
serpens. It is of diagnostic value to know that vessels may also appear in the 
deepest layers of the cornea in cases of chronic iridocyclitis. Even more striking 
is the fact that the lower margin of the cornea becomes a site of predilection for 
the development of such vessels in iritis. Whether this has any connection with 
the localization of DescemeVs deposits is questionable. Complicated as these 
conditions seem at first glance, the student will soon learn to interpret correctly 
the clinical pictures on the cornea if he will first establish whether he has to deal 
with the superficial, subepithelial, arboreally branching vessels, or with the lamel-' 
lar vessels which disappear at the margin of the cornea and follow a more direct 
course. 

7. Clinical Syndrome of Acute Catarrhal Conjunctivitis and Its 

Etiologic Diagnosis 

Our patient tells us that he has had a violent inflammation of both eyes for the 
past couple of days. One eye was attacked first, and soon afterward the other. 
He complains somewhat of photophobia, and of a feeling of heat and burning in 
the eyes. One eye blinks constantly and feels as if a foreign body was lodged in the 
conjunctival sac. He says also that his trouble is greatest in the evening, especi- 
ally in artificial light. There may be also disturbances of vision that can be 
relieved temporarily by rubbing the eyes, but soon return. On awakening in the 
morning his lids are so glued together that he has difficulty in opening them. 

The clinical picture is very characteristic. The lids are slightly swollen, 
reddened, with here and there dried secretion, especially among the lashes. The 
greater part of this secretion has come from the conjunctival sac and become 
dried during the night, but the secretion from the Meibomian glands may also be 
increased in these cases. 

Larger quantities of fresh, muco-purulent secretion have accumulated at the 
outer, and still more at the inner canthus. 

If the lower lid is drawn down from the eyeball a still further quantity of 
more dilute secretion is to be seen, flecked with bits of mucus floating about in 
the conjunctival sac. The conjunctiva palpebrae is much reddened and swollen. 



40 CLINICAL PICTURE OF CATARRHAL CONJUNCTIVITIS 

though smooth and glistening. The swelling is recognized from the fact that 
the Meibomian glands no longer shimmer distinctly through the mucous mem- 
brane. The lower transition fold bulges forward in thick rolls. The inflamma- 
tion also involves the conjunctiva bulbi, which is very much reddened, almost 
bluish. The redness is most marked toward the transition fold. The condition 
might almost be called chemosis. 

At the inner canthus we find the plica semilunaris and caruncle involved. 
If we examine the upper portion of the conjunctiva bulbi we find here also a 
fresh redness, as well as a number of punctate and flecklike red spots, which are 
subconjunctival hemorrhages, such as we are accustomed to meet with in the 
upper part of the conjunctiva bulbi in these diseases. Finally, the same redness 
and swelling of the mucous membrane is to be seen in the upper transition fold. 

The visual troubles met with when the secretion is so great can be readily 
understood. If a bit of mucus happens to lie on the cornea it will disturb the re- 
fraction of the light, and variegated circles may be seen around the flame of a lamp. 

In this patient the disease is fresh, the mucous membrane exhibits redness, 
swelling and abnormal secretion, the secretion has a mucus character. Clinic- 
ally, therefore, we are dealing with a conjunctivitis acuta catarrhalis. 

We still lack the etiologic diagnosis. It will be recalled that all conjunctival 
inflammations are divided into two groups: those due to purely chemico-physi- 
cal agents and those caused by infection. As the history in thi's case gives no 
suggestion of the first cause, the probability is that we have to deal with an infec- 
tious disease of the eye. This can be ascertained with certainty only by a bac- 
teriological examination of the diseased conjunctiva and of its secretion. 

In order to understand the etiology of conjunctival inflammations, the student 
needs to be acquainted with three things : 

First, the method of examining bacteriologically the conjunctiva and its 
secretion. 

Second, the germs contained in the normal conjunctival sac; for if the physi- 
cian is to consider the bacteriologic content of a secretion to be pathologic, 
especially if he is to hold the germs found to be the agents productive of the 
inflammation present, he must know how the mucous membrane behaves with 
regard to its bacterial content under normal conditions. 

Finally, it is well for the physician to learn what pathogenic agents are possi- 
ble factors in acute catarrhal conjunctivitis, in order that he may know what 
prophylactic and therapeutic methods should be employed. I repeat that the 
etiology cannot be determined from the clinical picture of such a disease as the 
one we are now studying. We are unable to say from its appearance by what 
pathbgenic germ an acute conjunctivitis is caused, because there are no absolutely 
typical clinical pictures characteristic of the different kinds of infection. It is 
true that the ophthalmologist has frequent opportunity to make snap diagnoses 
in regard to the causes of these inflammatory conditions, because the specialist 
interprets more easily the relatively characteristic signs of the different infections, 
but this does not alter the fact that we are often apt to err in such snap diag- 
noses, and that for both the accurate investigator and the physician the clinical 
diagnosis of such a conjunctivitis must be supplemented by the bacteriological 
findings. 

A. Method ()f Examining Secretiom Jrom the Eye 

The technique of this examination is familiar to all who have studied bac- 
teriology. There are several rules to be oliserved in this examination of secretion, 
if the result is to correspond to our expectations and reveal the pathogenic agent. 
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We take some mucus, or pus, from the conjunctival sac by means of a platinum 
loop. We must not take lachrymal fluid only, for we would seek vainly therein 
for the morbific agents. The secretion must also be taken from the conjunctiva 
itself and not from the margin of the lid, or the canthus, for in these places the 
agents of the conjunctivitis become mingled too easily with the parasites of the 
skin, chiefly saprophytic staphylococci and xerosis bacilli. 

Disappointment must not be felt when no bacteria are discovered in this man- 
ner. Everything depends on the examination being made at the proper time. 
As soon as the disease begins to abate the pathogenic agents disappear, often with 
remarkable celerity. The best time for an examination is during the rise of the 
disease, or at its acme. The secretion upon the loop may be examined micro- 
scopically at once, or cultures may be prepared from it. The busy ophthalmolo- 
gist must frequently content himself with a stained slide, and the general prac- 
titioner cannot be expected to prepare cultures. The general practitioner, indeed, 
rarely makes a microscopical examination, because he has more important matters 
to attend to than the examination of conjunctival secretions. Nevertheless he 
should know how to make such an examination, for he may need to make use of 
the technique sometimes, as in a case of blennorrhoea. 

The secretion is . smeared as thin as possible on the slide, for the thinner the 
layer the better the stain is taken. The smear is then dried in the air and flxed 
as usual by passing it three times through a flame. It is then stained either 
with Lcsffier's methylene blue, or with a very dilute solution of fuchsin. A 
second smear is then prepared and stained by Gram, by means of which we differ- 
entiate between the Gram negative and the Gram positive bacteria. 

This differentiation is of great value in the diagnosis of infectious diseases 
of the conjmictiva, as will appear in the study of blennorrhoea. The smear flxed 
by passing it through the flame is stained with carbolgentian violet, laid for a 
short time in a solution of iodine and potassic iodide, decolorized in alcohol until 
no more stain comes off, rinsed off with water, and finally restained with an 
aqueous solution of saffranin. After it has been rinsed again with water it is 
dried and is ready for examination with the oil immersion. In alcohol. Gram 
negative bacteria lose the violet stain and are restained by the red dye of 
saffranin, while the Gram positive retain the blue violet color throughout the pro- 
cedure. 

If cultures of the pathogenic bacteria suspected or known to be present are 
required, the most various culture media should be employed, and both aerobic 
and anaerobic cultures prepared. The secretion is inoculated first on agar, then 
on L/rffler''s serum and ascites agar, finally on blood agar. The advantage of 
this method is that, knowing, as we do, the conditions that govern the growth of 
the bacteria met with in practice in the eye, we are able to isolate the sensitive 
germs which are easily overwhelmed by others. For anaerobic cultures we place 
the tubes in a glass cylinder with an air-tight cover, the bottom of which is 
covered, according to the method of Buchner^ with pyrogallic acid and dilute 
liquor sodse. A clinic is not a suitable place for us to go into further details in 
regard to this subject. 

B. TTie Bacteria of the Normal Coiyunrtiva 

We must now consider a question that is not to be avoided. Even if we find 
microorganisms on the slide, this does not prove that they are the agents that 
produced the disease in our patient. The normal, uninflamed conjunctiva contains 
microorganisms. Normally, there are no microorganisms in the conjunctival sac 
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of an infant immediately after birth, but after a short time they have lodged 
there. This is readily understood, for the conjunctival sac opens outward so that 
the greatest variety of microorganisms can very easily enter from the air, the water 
of the bath, the surface of the neighboring skin, the clothing, the fingers and other 
objects. Soon, however, the bacterial flora on the normal conjunctiva assumes a 
characteristic aspect, so that we find in children a collection quite similar to that 
met with in adults. Of course all kinds of microorganisms may be met with 
in the conjunctival sac, and whoever wishes to take the trouble may always find 
here germs that have not been met with before. 

We also know that the germs contained in the normal conjunctiva depend on 
external and personal conditions. The dissimilar environment, the nature of 
the occupation, and the degree of the personal cleanliness have such an effect that 
we meet with a greater number of germs in persons of the laboring classes, who 
work in a dusty atmosphere, than in people who pay more attention to hygiene 
and the care of the body. In the morning also the number of germs on the 
conjunctiva is rather greater than in the evening, because the lids are closed dur* 
ing sleep. It has been demonstrated by Schirmer that with the cessation of 
winking the conduction of the bacteria toward the nose also ceases. In this 
respect we may consider the regular act of winking as a physiological self -cleans- 
ing of the eye. Marthen^ Bach^ Bern/ieim and Morax have also demonstrated 
that the germs of the conjunctiva augment considerably when the eye is band- 
aged, because both the movement of the lid is stopped and the temperature is 
elevated beneath the dressing so as to favor the development of microbes. 
Another fact that should not be overlooked is that differences in the bacterial con- 
tent of the normal conjunctiva are met with, according to the methods of examina- 
tion and the culture media employed. In spite of all these factors by which the 
bacterial condition of the normal conjunctiva may be influenced, we can note the 
following certainties. 

It is positive that the normal human conjunctiva is not sterile. Its content of 
germs is always less than that of the neighboring margins of the lids. The bac- 
teria regularly met with on the normal conjunctiva are: 

1. Xerosis bacilli. 

S. White staphylococci of little or no pathogenicity. 

Rarely pneumococci and the yellow staphylococci are seen. Streptococci and 
influenza bacilli are extremely rarely to be met with on the normal conjunctiva. 
In addition to these there may be occasionally met with all manner of saprophytes 
and pathogenic germs such as cocci, sarcinae, and hay bacilli. Frightful as this 
bacterial condition appears at the first glance, troublesome as the fact is that the 
surface of this wonderful organ is not sterile, yet, in harmony with clinical 
experience in the results of operations, virulent pus agents are not present on the 
normal conjunctiva in the majority of cases. They are met with in a small per- 
centage of cases, in individual examples, which suffice to keep us vigilant, but on 
the whole the normal conjunctiva is comparatively inapt to harbor infection. 
The reason for this deserves explanation, for the moist surJFace of the conjunctival 
sac would seem to offer a desirable habitat to the various kinds of microorganisms 
which have abundant opportunity to enter. The temperature in the conjunctival 
sac is about 2% lower than in the mouth, because of the exposed position of the 
eye, the evaporation of the lachrymal fluid and the comparatively moderate 
amount of blood in the normal conjunctiva. The lachrymal fluid is not a good 
culture medium for bacteria. It contains 0.5% albumin, 1 to 1.5% NaCl, 0.1 
to 0.2% NaoCoa, 0.05% MgSO,, 0.05% NajPO^. Every attempt to grow a 
number of bacteria in such a fluid demonstrates its inferiority to our ordinary cul- 
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ture media. The view has been advanced repeatedly that the tears have a bac- 
tericidal action, but too little distinction has been made as to whether the tears 
furnished an unsuitable medium for bacteria, or were in their effect directly 
bactericidal, or inhibitive of the virulence of the bacteria. The chau'acteristic 
first mentioned can alone be ascribed to the tears ; they form a bad nutritive 
medium for most kinds of bacteria. They have no directly bactericidal quality, 
for they lack those bodies of the serum, bacteriolysin and hemolysin, which are 
the agents of bactericide activity. Furthermore, the tears contain no aggluti- 
nin, and no antitoxin can be found in them, even when large quantities of 
diphtheria antitoxin have been injected into the bodies of the persons used for 
the experiment, as was proved by Demaria in disproof of statements to the con- 
trary. On the other hand there are species of bacteria, especially of the diph- 
theria group, like the xerosis bacillus, which multiply in stagnant lachrymal fluid 
after extirpation of the lachrymal sac. The effect produced by the lachrymal 
fluid in the normal conjunctival sac is chiefly mechanical. The microbic popu- 
lation of the conjunctiva is constantly reduced by the current of lachrymal fluid 
toward the nose. Even the conjunctival mucus favors the growth of bacteria 
but little, according to Bach. 

Saprophytes interfere with the growth of other germs by a sort of antagonism, 
and it has been supposed that the usual inhabitants of the normal conjunctiva, 
the white staphylococcus and the xerosis bacillus, hold in check, in some such 
manner, the growth of other pathogenic bacteria, but it has been proven that these 
bacteria do nothing of the kind. Indeed, we have certain reasons to think that 
the ordinary parasites of the conjunctiva favor the development and multiplica- 
tion of many other agents. Thus the xerosis bacilli act as nurses to the patho- 
genic Koch' Weeks'' bacilli, and promote their multiplication both in cultures and 
on the conjunctiva. Koch- Weeks'* bacilli are cultivated with difficulty in the 
absence of xerosis bacilli. On the other hand, we see that the development of 
pathogenic bacteria in the conjunctival sac gives the saprophytes a better environ- 
ment in which to live, so that xerosis bacilli from an inflamed conjunctiva can be 
cultivated with less difficulty and in greater luxuriance than those from a nor- 
mal mucous membrane. Whether the saprophytes are able to change their 
character and become virulent has not yet been sufficiently investigated. 

C. Etiology of Acute Catarrhal Inflammations of the Coryunctiva 

There are two preeminently common forms of acute conjunctivitis of this 
nature: 1. Pneumococcus conjunctivitis^ produced by infection with \\iQ FraenkeU 
WeichseWaum diplococcus lanceolatus ; 2. Conjunctivitis due to the Koch- Weeks'* 
bacillus. The therapeutic and prophylactic measures we adopt depend on the differ- 
entiation ; the spontaneous course depends on the etiology. Every student should 
study the cultures and slides until he has an intimate acquaintance with the etiol- 
ogy of acute catarrhal conjunctivitis, and should impress on his memory the 
characteristic clinical picture. It is also well for him to investigate his own 
conjunctiva bacteriologically, by way of both cultures and smears. 

3. Influenzal Conjunctivitis 

A third form of acute conjunctivitis is produced by the influenza bacillus. I 
am unable to exhibit a case, for it is comparatively infrequent and principally 
observed during an epidemic of influenza. It is a conjunctivitis of varying 
intensity that has been met with in both infants and adults. 
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4. Staphylococcal Conjunctivitis 

Still anbther group of acute catarrhs of the conjunctiva is caused by the ordi- 
nary pus agents, the staphylococci. Staphylococci are among the ordinary 
inhabitants of the normal conjunctiva, and it should not be forgotten that 
attempts to excite a catarrh by inoculations of pure cultures of the staphylococcus 
pyogenes aureus upon the normal conjunctiva have failed, and yet I agree with 
those ophthalmologists who recognize the existence of a staphylococcal conjuncti- 
vitis, even though it is comparatively rare. It need not be taken into account 
in epidemic forms, but according to my observations it must be considered in the 
following forms of acute catarrhal conjunctivitis: 

(a) Infantile catarrhs from which the gonococcus has been excluded. 

(b) Following extraction (yf cataract. In this case of acute conjunctivitis in a 
patient operated on for cataract a few days ago no microorganisms are to be 
found in the secretion except xerosis bacilli and great numbers of staphylococci 
aurei. We can easily imagine that in such cases these pus agents, that have 
previously been indifferent, find a better medium as a result of the mechanical and 
chemical irritation produced by the operation and so accentuate the conjunctival 
irritation until the picture of an acute conjunctivitis is produced. 

(c) Irritations of the eye with staphylococci. Such irritations of the eye 
may be produced experimentally by introducing dust into the conjunctival sac 
and inoculating the conjunctiva with staphylococci, when conjunctivitis will be 
produced. Such irritations with dust may be produced in ordinary life either 
accidentally or purposely. During labor the conjunctiva of the infant may be- 
come so sensitive as to furnish a favorable field to the pus agent. 

(d) Acute coryunctival catarrh folhwing blepharitis and eczema with staphy- 
lococci. It is not at all unusual for the chronic hyperaemia of the conjunctiva 
to burst forth suddenly into an acute catarrh in cases of blepharitis and impetigi- 
nous eczema. Here also we meet with staphylococci in such masses that it is 
impossible to doubt their etiologic significance in such exacerbations. 

(e) Croupous conjunctivitis with staphylococci. Finally, staphylococci have 
been found by quite a number of authors in forms of conjunctivitis associated 
with the formation of membranes. 

In very rare cases of acute conjunctivitis pneumobacilli, bacteria coli and 
streptococci act as agents, but as compared with pneumococci and Koch- Weeks^ 
bacilli they are of little importance in this part of the world. 

8. The Course of Acute Catarrhal Conjunctivitis and the 

Treatment 

We come now to the practical treatment of these diseases. If this treat- 
ment is to be proper we must first know their courses, for only he who knows the 
spontaneous course of a disease knows what to treat and what measures to use. 
Therefore I shall sketch briefly the ordinary course of these diseases. 

The Course of Pneumococcal Conjunctivitis 

The inflammation develops very rapidly and involves, as a rule, both 63-68. 
The margins of the lids, especially of the upper ones, become rosy and oedema- 
tous, and the bulbar conjunctiva particularly becomes very red. Indistinct little 
hemorrhages appear in the upper part of the conjunctiva bulbi and soon acquire 
a yellowish red tint. The disease reaches its acme quickly, usually in one or 
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two days. The striking redness of the conjunctiva bulbi is characteristic of this 
stage. At the same time there is a great discharge of thin, watery secretion 
which contains bits of fibrin floating in it. 

There are, of course, mild and severe cases of this disease. In grave cases the 
discharge is quite purulent, or slight membranes may be formed on the transition 
folds. It is therefore essential, in a clinically croupous conjunctivitis, that we 
should not assume the presence of a diphtheritic, or streptococcal infection. As a 
rule, however, pneumococcal conjunctivitis is a benign affection which disappears 
nearly as rapidly as it comes. Indeed, it is characteristic of this disease that it 
ends in crisis, quite like a pneumococcal infection of the lungs. The pneu- 
mococci then disappear very quickly from the secretion and cannot be found in 
it shortly after the disease has reached its acme. The discharge then lessens 
rapidly and the redness of the mucous membrane fades, so that recovery is com- 
plete in from eight to ten days. The etiologic diagnosis may often be estab- 
lished from the purely clinical observation of the rapid attack, the critical sub- 
sidence and the characteristic redness. 

The disease is not met with uniformly everywhere, for while it is common in 
Germany, England, Switzerland, Russia and the United States, it is rare in Egypt, 
that breeding-place of other acute ophthalmic inflammations. In individual coun- 
tries, also, its occurrence is very irregular. In general it may be said to be more 
common in the northern lands and to incline to the colder months of the year. 

That the pneumococcus is the etiologic factor in such an inflammation has 
been demonstrated by inoculations with the discharges from the eyes and with 
pure cultures. Pneumococcal conjunctivitis may appear epidemically, especially 
in schools, but there is, as in almost every disease, an individual predisposition. 
Children are more susceptible than adults, so much so that pneumococcal conjunc- 
tivitis may almost be termed a children's disease. In epidemics there are many 
individuals who remain immune to the infection, and in experimental inocula- 
tion success is obtained in only a fraction of the subjects. Sporadic cases, too, 
result in no more cases, even though abundant opportunity is afforded for trans- 
mission. 

Infection doubtless takes place by contact, but as many persons have pneu- 
mococci on their healthy conjunctivae, or have such germs in their mouths, it is 
quite possible for this conjunctivitis to originate from autoinfection, the microbes 
becoming more virulent, or the power of the organism less strong. 

Although this conjunctivitis is benign, complications may occur. In the 
first place we meet with a very marked nasal catarrh in connection with this 
conjunctivitis, which may precede the conjunctival trouble as a cold, or may be 
caused by the secretion. In the eye itself marginal infiltrates and small ulcers 
occasionally appear, but generally we need not fear corneal complication in a 
pneumococcal conjunctivitis. Iritis is met with more frequently, even without 
involvement of the cornea, and may outlive the conjunctival disease. Its genesis 
must be attributed to a resorption of toxines. In rare cases the development 
of follicles has been noted, but usually these have previously existed. 

The Course of Conjunctivitis Caused by the Koch- Weeks' Bacillus 

The course of an acute catarrhal conjunctivitis caused hy the Koch- Weeks'^ 
bacillus is similar. After a short stage of incubation the palpebral margins 
begin to swell, and the secretion of the Meibomian glands may be augmented. 
The discharge from the conjunctiva becomes extremely copious, while the mem- 
brane itself is much swollen, though smooth and glistening. The fluid, muco- 
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purulent secretion glues the lids together in the morning and gathers in large 
quantities at the canthi. The conjunctiva bulbi is much reddened, and we find in 
its upper part the same hemorrhages as in pneumococcal conjunctivitis. In this 
infection mild cases are met with, but in general the symptoms are more violent 
than in that produced by pneumococci. The patients complain of very great 
photophobia as well as of severe pains about the orbit and in the superior 
maxilla. In such cases the preauricular gland is apt to be swollen. The syndrome 
may be that of a grave purulent conjunctivitis and remind one of blennorrhoea. 
The formation of membranes on the conjunctiva of the transition folds may be 
transiently met with. 

The disease lasts on an average for two to four weeks, but with improper 
treatment a hypertrophy of the papillary bodies may persist for a longer period, 
especially in the upper transition fold. 

Several complications are possible. A severe coryza is not rare. Little 
blebs, or even true efflorescences, may appear at the limbus. Marginal infiltrates 
are to be observed in the cornea itself, though serious ulcers sue comparatively 
rare. They are to be feared in adults, rather than in children. 

The infection is spread through the secretion. It needs to be borne in mind 
that, long after the acute symptoms have subsided, the secretion is able to spread 
the infection, and it should be emphasized that the infectious secretion from the 
conjunctiva may pass through the lachrymal passages into the nasal cavity and into 
the mouth, and from there be spread by drop infection in speaking or coughing. 
The Koch-Weeks'' bacilli are very sensitive to drying, and when dry die very 
quickly; but as long as the secretion is moist it is able to infect human conjunc- 
tivae without exception, as has been proved by experiment. I can subscribe the 
statement from my own experience that this type of conjunctivitis is one of the 
most contagious diseases known. On animals these bacilli are absolutely innocu- 
ous. I am positive that after the disease has passed away the conjunctiva remains 
immune for a considerable time, a fact that was at first denied. 

If the tiny bacilli are not to be overlooked, the smear must be made at the 
acme of the disease, when they will be found, as a rule, abundantly between and 
in the leucocytes. 

» 

Treatment of Acute Catarrhal Gonjunctivitis 

Many aimless things are done to-day in the treatment of acute catarrhal con- 
junctivitis, but when a physician knows the natural course of a disease he also 
knows how to treat it. I disapprove of the compresses so often recommended, for 
it is necessary only to observe once the effect of these dressings to realize that 
they cannot benefit a disease of the conjunctiva. At the best they merely afford a 
sort of coolness to the skin of the lid, and that is all. We shall see presently 
when this cooling may be utilized. 

It is imperative that we should first ascertain the etiology of the inflammation 
by a bacteriological examination of the secretion. If the findings are negative 
and the condition is due to mechanical or chemical injuries, we must try to deal 
with these conditions, but in most instances acute inflammations are due to infec- 
tions. 

If the diagnosis of an acute pneumococcal conjunctivitis is established, we 
know that the inflammation is likely to pass away spontaneously in a short time ; 
hence, we have little to do aside from keeping the eye clean. In graver cases, 
such as are frequently met with in little children, we inject 10 c.cm. of pneu- 
mococcus serum subcutaneously, powder the conjunctiva with the dry serum, and 
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irrigate it with dilutions of the same serum. Friendliness toward this therapy 
requires that one should frequently see how rapidly the swelling of the lids recedes, 
even by the next morning, how the children open their eyes and how the secre- 
tion is lessened. But the general practitioner cannot practise this treatment, 
because he hardly has the time or opportunity to make such an etiological diag- 
nosis from the examination of the secretion. Moreover, this specific therapy of 
pneumococcal conjunctivitis is required only in those cases in which infiltrate or 
ulcers of the cornea are present. For the second type of this inflammation, that 
produced by Koch-Weekf bacilli, or by influenza bacilli, we have as yet no spe- 
cific remedy. We scarcely need them, for acute catarrhal conjunctivitis recovers 
under other treatment It is this latter which is needed by both the general 
practitioner and the ophthalmologist. 

When we see that the mucous membrane removes the colonizing microorgan- 
isms with its secretion in the spontaneous recovery of such an inflammation, it is 
self-evident that we should apply no 
compresses, but should aid the mu- 
cous membrane to disburcjen itself. 
This we may do by washing away 
the secretion from the conjunctival 
sac several times a day with such 
collyria as, 1, A 3% solution of 
boric acid ; 9, Hydrarg. oxycyana- 
tum, 1:2,000 or 3,000; 3, Kal. 
hypermanganic. , 1:5,000 or 10,- 
000; 4, Hydrarg. chlor. corr., 
1:10,000. 

Poor patients may prepare the 
boric acid solution themselves by 
dissolving from 10 to 15 gm. of 
boric acid crystals in i litre of hot 
water. With these solutions the 
conjunctiva] sac is washed out by 
the aid of an undine, or eye dropper. 
Or a piece of absorbent cotton may 
be wet with the solution and squeezed 

out gently over the membrane so as Fig. 11. —Application of Silver Solution to 
to cleanse it. The essential part of the Conjunctiva 

this irrigation is the vKchamcal re- 
moval of the infectious secretion from the eye. It is not to be imagined that 
the infected mucous membrane of the eye can be sterilized by such a procedure, 
or that the inflammation will now cease. Such infections are not overcome by 
collyria, but by the organism. This mechanical cleansing unburdens the mucous 
membrane and the patient immediately feels easier. 

Our next duty is to destroy the secretion that has been washed out, for ever}' 
possible endeavor should be made to preserve other persons from infection. 
Prophylaxis continually accompanies the therapy of an acute infectious conjunc- 
tivitis. The margins of the lids and the skin of the face are also to be cleansed 
with the solution, in order to remove any adherent germs. Included in the 
prophylaxis of all infectious diseases of the conjunctiva is the admonition that 
the patient use only his own washbowl, handkerchiefs, etc., and that he keep his 
hantk clean. 

These irrigations of the conjunctival sac are repeated several times daily 
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according to the amount of the discharge. When the quantity is large the skin 
of the lids, particularly about the canthi, may very easily become excoriated : it 
is therefore wise to dry the skin of the lids after the irrigations and to apply a 
little vaseline. In the evening borated vaseline should be applied to the margins 
of the lids that they may not become so glued together during the night that they 
cannot be ojxjned easily in the morning. Many of the milder cases of acute 
conjunctival catarrh recover of themselves under such cleansing of the eyes alone, 
but ordinarily it is necessary to treat the conjunctiva itself. We wish not only 
to remove the secretion, but to cause it to diminish and finally to cease as the 
inflammation retrogresses. 

The sovereign remedy for this purpose is silver nitrate, the great importance 
of which was established hy A. v, Graefe. In acute forms of conjunctival catarrh 
we apply it in solutions of 0.5%, 1%, and 2% strength, but never in the form 
of the silver stick, or pencil. 

As it is neither suitable nor hygienic to apply one and the same brush to 
several diseased eyes in succession, we manufacture for each patient his own indi- 
vidual brush. It is quite easy to twist a little cotton on one of the glass rods 
lying in a solution of sublimate, and the brush is ready. It is imperative that 
the cornea should be protected while this application is made to the conjunctiva, 
by holding the everted lids properly. We first evert the upper lid and press its 
ciliary margin firmly against the eyeball with the middle finger; then at the same 
time shove down the lower lid with the index finger of the same hand, so as to 
cause it to evert and thus press together the transition folds so that the cornea is 
perfectly covered. 

A bluish white layer appears on the conjunctiva the moment this wet brush is 
parsed over it. This layer is a crust formed by coagulation of the uppermost 
layer of conjunctival epithelium by the silver nitrate, a caustic, the effect of which 
must not be too great. The conjunctiva is rinsed off immediately with physio- 
logical saline solution to precipitate at once the free silver in excess. In addi- 
tion to this we obtain the correct dosage by not taking too much of the silver on 
the cotton and by not applying it too long; we have no aid here except care and 
practice. 

As soon as the silver has been applied, the eye immediately becomes more 
irritated, lachrymates more, is more photophobic, and the patient complains of 
greater pain. This sensitiveness varies a great deal and may be mitigated some- 
what, when necessary, by a subsequent instillation of coca in. Such cocainization, 
however, is to be deprecated, for we wish to produce this irritant effect on the 
eye. The conjunctival hyperemia already present is augmented and the mucous 
membrane becomes more succulent, because an increased transudation has taken 
place; these signs of greater saturation lead after a time, dependent on the 
strength of the caustic, to the casting off of the crust. This crust comes away 
in j)ortions, and as long as any remain the patient will complain of a feeling as 
if a foreign body were in the eye. The hy{)eraemia gi'adually subsides until a 
feeling of relief appears in from ten to fifteen hours. The most superficial layers 
of the mucous membrane gradually regenerate, and the first effect of the silver 
is past in about twenty-four hours. 

During this time the secretion of the eye is increased, so it is best to make the 
application in the morning, otherwise there is apt to be an accumulation of the 
secretion in the conjunctival sac during the night. The essential point in this 
treatment is that this increase of secretion is followed by a decrease, which is 
important as indicative that the disease is passing away. The patient is given a 
basin of boric acid solution with which to cool his eyes, the one time in the treat- 
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ment of acute conjunctival catarrh when use can be made of compresses. As 
soon as the burning pain is past and the sensation as of a foreign body develops, 
the conjunctival sac is again irrigated. 

Several factors take part in the therapeutic action of silver. A large quan- 
tity of microorganisms are certainly removed from the eye by the casting off of 
the sloughing layer of mucous membrane which is full of bacteria. The 
researches of Behring^ GramiZj Martens and others have demonstrated that' 
silver has a high bactericide power, its action approaching very nearly that of 
corrosive sublimate, even in the presence of albumin and sodium chloride. But 
these facts are in no way sufficient to explain the therapeutic power of this 
remarkable remedy, for the microorganisms can find hiding-places enough in the 
mucous membrane in which they can escape the bactericide action. Thus, in a 
blennorrhoea, the sensitive germs resist the remedy for weeks at a time. The 
principal effect of silver nitrate is indirect. By its use the mucous membrane 
is affected by a powerful irritant, and responds with a strong reaction; the 
hypersemia increases, the diseased tissue becomes still more saturated, and the 
blood serum can exert more effectively its bactericide and antitoxic powers. The 
mucous membrane is stimulated and brings about recovery by virtue of its own 
energies, not directly by the remedy. 

As regards the rejietition of the application, no hard and fast rules are possi- 
ble ; we must be guided in each case by its gravity and the sensitiveness of the 
individual. In general, the appliciition should be renewed when the slough 
comes away, usually after twenty- four hours. If the inflammatory symptoms 
abate during the course of treatment, the applications may be made at longer 
intervals, or weaker solutions may be employed. 

A word as to contraindications, in regard to which there is much antiquated 
hypothesis, as v. Graefe has said. If silver is not employed when the conjunc- 
tiva is secreting a fibrinous, easily coagulating fluid, the nature of the exudation 
is completely ignored and the remedy is not used just when it will do the most 
good. Corneal affections not due to the existent conjunctivitis form a rather 
arbitrary and incorrect contraindication. If the cornea becomes implicated in an 
acute or chronic catarrh and develops infiltrates or ulcers at the margin, applica- 
tions of silver to the conjunctiva are directly indicated, for experience has taught 
us that the reaction thus produced in the eye exerts a favorable influence upon 
these troubles, even when the corneal ulcer is caused by infectious agents other 
than those that engender the conjunctivitis. On the other hand we must be care- 
ful how we use silver when corneal ulcers develop in the course of a blennorrhoea, 
even if due to secondary infection. The presence of corneal ulcers in acute con- 
junctival catarrh is no contraindication to the use of silver. The careful physi- 
cian will apply the remedy cautiously and in such a manner that the cornea is 
protected. 

Only one other important point remains to be noted concerning silver therapy. 
When silver nitrate is used for months, or even years, in chronic affections of the 
eye, the entire conjunctiva, particularly the transition folds, acquire a dirty gray, 
or blackish brown discoloration. This condition is known as argyrosis. It is 
due to the fact that combinations of silver gradually diffuse through the tissues 
and then by reduction deposit the silver in the form of fine granules. Argyrosis 
is frequently seen in those countries where trachoma is treated year after year 
with silver. I wish to strongly emphasize this point : No patient should ever take 
home a solution of silver nitrate. This constitutes the treatment of acute catarrhal 
conjunctivitis, on the one hand cleansing and the unburdening of the conjunctival 
sac, on the other the application of silver nitrate. 



50 CONJUNCTIVITIS CATARRHALIS CHRONICA 

The attempt has frequently been made to find a substitute for the silver nitrate, 
which is a harsh remedy in the eye. In the composition of such substitutes em- 
phasis is laid upon the fact that they do not form precipitates with the saline tears, 
or with albuminous fluids. The hope was that the remedy would sink deeper 
into the tissues because of this property. Examples of such substitutes are : pro- 
targol, a compound of silver and a proteid; itrol, silver citrate; argentamin, a 
solution of silver nitrate in ethylene diamine; actoL silver lactate; argonin, ich- 
thargan, and others. I have employed these remedies a great deal and my judg- 
ment regarding them is as follows: It is true and generally acknowledged that 
these remedies, especially protargol and argentamin, possess much bactericidal 
power and are less irritant than silver nitrate. Therefore they are often used. But 
these qualities alone do not suffice. No matter how strong its bactericide power, 
no antiseptic can sterilize the infected conjunctival sac. We always need the 
cooperation of the human economy, we cannot dispense with its stimulation. 
The fact that all these remedies cause less annoyance is no proof of their thera- 
peutic qualifications in the organism. It is my experience that this therapeutic 
qualification of the modern preparations of silver is much inferior to that of 
silver nitrate. In this respect we, like other ophthalmologists, remain conserva- 
tive, and value the old silver nitrate far above any of the modem compounds. 

9. Chronic Catarrhal Inflammations of the Conjunctiva and Their 

Treatment 

In ophthalmology there are diseases the diagnosis of which can be derived in 
whole, or in part, from the history, and in the recognition of which the description 
of the troubles plays an important part. 

For example, this patient states that for a long time he has been troubled with 
a sensation of burning and pressure in the eyes ; that this is ameliorated when out 
of doors in the fresh air, but aggravated in a dusty or smoky atmosphere. In the 
evening in a warm room by artificial light there is a gently beginning sensation 
of weariness, of heaviness in the eyes. In the morning the eyes are hard to open, 
there is some secretion in the canthi, and sometimes the lids are glued together. 

I. Demonstration of the Various Forms of Chronic Conjimctival Catarrh 

These subjective troubles suggest that we have to deal with a chronic conjunc- 
tival catarrh. The objective changes in the mucous membrane have now to be 
noted. 

1. TTie Graver Form of Chronic Conjunctival Catarrh 

The chronic forms of conjunctival catarrh are differentiated from the acute, 
first by the fact that the secretions are much less in quantity. In the present 
case only a little frothlike matter is visible in the canthi. The secretion is usually 
thicker and more glutinous, and dries firmly on the margins of the lids. The 
mucous membrane is no longer as smooth and glistening as it is under normal 
conditions. It is not so infiltrated with serum as in acute catarrh, but its surface 
is uneven, a condition particularly obvious in the vicinity of the transition folds, 
where the conjunctiva has a velvety appearance, due to a greater development of 
the papillary bodies. 

The lids of patients with chronic conjunctival catarrh frequently have red 
margins. The intermarginal space, as well as the neighboring portion of the 
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skin, is reddened and somewhat thickened. Excoriations, cracks and little fis- 
sures are often found near the canthi. Changes of this sort are the easily com- 
prehensible sequelae of the action of the conjunctival secretion in prolonged con- 
tact with the skin, which leads to a softening of the epidermis. 

When the chronic conjunctivitis has existed for a long time it occasions a 
change in the position of the lower lid. In this case the inner portion of the 
lower lid, containing the lower punctum lacrymalium, is dragged away somewhat 
from the eyeball and turned slightly outward. This is spoken of as a commenc- 
ing ectropion of the lower lid. It is worth noting that this turning outward of 
the lower lid in a chronic conjunctival catarrh begins by preference at the inner 
canthus. When this takes place the condition frequently grows worse, the 
aggravation being due to the following factors : 

The drainage away of the lachrymal fluid is interfered with by the eversion of 
the lachrymal punctum, and the fluid collects in the conjunctival sac, where it be- 
comes mixed with the conjunctival secretions and furnishes a suitable medium for 
the inflammatory agents present, which increases the catarrh. 

When the tears are not properly drained away, the skin of the lid is kept 
constantly wet by the epiphora and a dermatitis angularis readily develops. 

The inflamed conjunctiva keeps on becoming thickened by papillary hypertro- 
phy, for the eversion of the lid exposes it to the influences of the air, wind, smoke 
and dust, which are very irritating. The swollen conjunctiva tarsi then presses 
the palpebral margin still farther from the eyeball and increases the ectropion. 

Still other factors may be added. In many cases the skin of the lower lid 
becomes continually harder and more inelastic because of the dermatitis, and the 
thickened skin increases the ectropion. In other cases, especially in old people, 
the orbicularis and the skin of the lid become relaxed, and this leads to a sink- 
ing of the lower lid. Then when the patient wipes the tears away, he draws the 
lower lid from the eyeball if he wipes downward. Thus chronic conjunctivitis 
starts a vicious circle which necessarily produces these results. In otiier grave 
cases the wet eczematous skin of the lid is shortened horizontally and produces a 
narrowing of the palpebral fissure, blepharophimosis. 

£. Less Serious Cases of Chronic Coryunctival Catarrh 

Mild forms of chronic conjunctival catarrh are very common. Many per- 
sons have such a condition unknown to themselves. In these patients the 
slight redness is confined to the conjunctiva tarsi, there is almost no secretion; at 
the most we find only a little at the inner canthus in the morning. This form is 
known as conjunctivitis sicca, or catarrhus siccus. The cardinal symptoms of a 
catarrhal conjunctivitis, redness, swelling and abnormal secretion of the con- 
junctiva, are present only in a very slight degree. The swelling particularly is 
so slight that the Meibomian glands may be distinctly observed beneath the 
conjunctiva. 

5. Case with Slight Follicle Formation 

In addition to the changes that have been mentioned, isolated follicles may 
develop in the lower transition fold in some cases of simple chronic conjunctival 
catarrh. They are usually small, and remain sharply differentiated from the 
surrounding tissue without much redness. Such follicles may be found also in 
the outer and inner comers of the upper transition fold, though no trachoma is 
present. This fact should be borne in mind, as it will be touched upon in consid- 
ering the differential diagnosis of trachoma. 
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n. Etiology of Qironic Catarrh of the Conjunctiva 

One of the commonest forms of chronic conjunctival catarrh is the diplo- 
bacillus conjunctivitis, which will be considered more in detail later, as it demands 
a certain therapy, and is so common as to justify its separate consideration. 

When dealing with a chronic conjunctivitis it is wise to ascertain first whether 
it is a case of diplobacillus conjunctivitis. This is done by a bacteriological 
examination. 

The bacteriological findings in chronic conjunctival catarrh are not apt to be 
of much importance, except in the case of diplobacillus conjunctivitis, and when 
this is excluded the question arises as to its origin. Mankind is bom of and 
lives in dust. No proof is needed to show that dust, smoke and vitiated air 
affect the eyes; any one who has a chronic conjunctival catarrh knows that his 
troubles are aggravated by such influences. Numerous artisans suffer from a 
chronic catarrh which is in part an occupational disease. Continuous exposure to 
wind and weather causes chronic conjunctival catarrh in farmers and coachmen. 
The mucous membrane of the human eye bears exposure to the atmosphere badly, so 
a chronic catarrh of the conjunctiva may lead to ectropion, arid inversely, an 
ectropion from some other cause produces irritation and chronic inflammation of the 
conjunctiva. We also find signs of chronic conjunctivitis in laborers whose 
eyes are exposed to high degrees of heat. 

Attention has recently been called to the fact that the short waved rays of 
light may irritate the conjunctiva. Many ophthalmologists ascribe so chronic a 
disease as vernal catarrh to the action of the ultraviolet rays. In all such cases 
the eyes are affected by chemico-physical stimuli. 

Chronic conjunctival catarrh may also be due to many other causes, some of 
which are to be found in the eye itself. An extremely frequent cause is an ob- 
struction of the lachrymal duct. Particularly when one eye only is affected pressure 
upon the lachrymal sac should be instinctively our first move. 

When an adequate cause cannot be discovered in the lachrymal passage we 
should examine the margins of the lids, from which the conjunctiva is very easily 
affected. A pustulous eczema and a sycosis of the margin of the lid is always 
accompanied by a conjunctivitis ; desquamating eczema, and seborrhea sicca are 
almost always associated with a very obstinate form, and Peters has described a 
peculiar form of chronic conjunctivitis met with in people the skin of whose lids 
is abnormally soft and exhibits minute fissures. 

Finally, the causes may be situated in the conjunctiva itself. We find very 
frequently, even in young persons, small, whitish-yellow, hard concrements in the 
conjunctiva tarsi, calcareous infarcts of the Meibomian glands, which maintain a 
chronic state of irritation of the conjunctiva in their immediate vicinity. It is 
also necessary to notice whether a chalazion is present, either in its initial or a 
later stage, for these likewise affect the conjunctiva. 

In addition to all these local causes it must be remembered that irritants in 
the blood-stream, due to general diseases, may excite a conjunctivitis. It is true 
that these inflammations are usually acute in their nature and derived from 
such infections as measles, scarlet fever, influenza, or gonorrhoea, but there is a 
disorder of metabolism which is often accompanied by a chronic conjunctivitis hav- 
ing periodic exacerbations, the uric acid diathesis. It is w^ell to bear this possi- 
bility in mind. 

When all of these causes have been excluded there still remain the anomalies 
of refraction, especially hypermetropia and astigmatism, which are competent to 
maintain a condition of congestion in the mucous membrane of the eye. This is 
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a ffictor which must never be neglected. The asthenopia, which is associated 
with uncorrected anomalies of the refraction, leads to an increase of the innerva- 
tion of the eyes, this to a functional hypersemia of the conjunctiva, which, finally, 
if long continued, causes permanent changes in the margin of the lid and the 
mucous membrane. Hiis connection is not one to be underestimated. If a 
patient goes to an ophthalmologist in America, or in England, he receives almost 
invariably a prescription for glasses, even if there be only .25 D of astigmatism 
to correct. On the other hand conditions are frequently such that a chronic con- 
junctivitis may excite an asthenopia. Therefore, it is wise to proceed cautiously 
in the matter of therapeutics. Nevertheless anomalies of the refraction certainly 
play a part in the chronic h3rper8emia of the conjunctiva. 

The course of a chronic conjunctival catarrh is very tedious. Many persons 
suffer more or less all their lives from this trouble. Aged people have almost 
invariably a catarrhus senilis. In all forms the trouble is at times better, at 
other times worse. 

Anatomically, we find an increase of the adenoid tissue, the prominent 
papillary elevations. The increase of the goblet cells in the epithelium is par- 
ticularly striking. 

in. Treatment of Chronic Catarrhal Conjunctivitis 

When a physician has arrived at a diagnosis of chronic conjunctival catarrh 
he ordinarily prescribes a i to i% solution of zinc sulph. to be instilled. In 
many cases this is indicated, and it is particularly beneficial in a chronic conjunc- 
tivitis caused by diplobacilli, but the variable etiology indicates that in many 
cases further investigation is necessary and that the cure is not easy, but in 
some cases impossible. 

In making the diagnosis of a chronic conjunctival catarrh, we naturally start 
with consideration of the eye and end with the functional test, but in treatment 
this order is reversed ; we begin with the correction of whatever functional dis- 
turbance may be present. If we find an error of refraction with hypermetropia 
or astigmatism, we first prescribe suitable glasses ; for we know that they are 
apt to be accompanied by congestion of the conjunctiva. Then we take into 
account the environment of the eye, looking first for any changes in the skin and 
margin of the lid, which must be cared for from the commencement of treatment. 
If trouble in the lachrymal passage is the cause, it must be obviated. 

An important clinical fact, the truth of which has often been demonstrated, 
is that chronic conjunctival catarrh improves rapidly after the removal of chronic 
intranasal troubles. For this reason obstinate cases should be subjected to a 
rhinologic examination. 

In the treatment of the conjunctiva itself, it must be borne in mind that 
people with chronic conjunctival catarrh often must be first taught how to take 
care of their eyes. We prescribe at first for cleansing of the eyes and margins of 
the lids one of the following solutions : boric acid solution, 2 to 8% ; borax solu- 
tion, 3% ; hydrarg. oxycyanat., 1 : 5,000 ; sublimate, 1 : 10,000. We do not expect 
to sterilize the mucous membrane with such coll3rria, for they are too weak, and 
stronger solutions would injure the tissues. Clinical observation has shown that 
astringents, rather than antiseptics, are to be preferred in the treatment of 
chronic conjunctivitis, as the mucous membrane of the eye responds better to 
astringents with a reaction through which protective bactericide substances are 
caused to enter the secretion ; so next we have to choose what astringents to 
employ. 
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membrane has become too dry. In these troubles daily massage of the conjunc- 
tival sac with, the zinc-ichthyol ointment recommended by Peters may give excel- 
lent results. The prescription is : 

Ammon. ichthyol 0.16 

Zinc oxid 6.0 

Vaselinalb 15.0 

M. f. exactissime ferendo ungt. 

If the trouble does not yield to this, we may obtain help from two little opera- 
tive measures. After cocainization, we may evert the lid and remove the epithe- 
lium from the tarsal surface with a scarificator. This procedure is followed by a 
slight irritation and increase of the secretion, and very often after a few days a 
quite remarkable amelioration is produced. 

When there is a greater degree of tumefaction of the conjunctiva, we may 
make with a small knife numerous little incisions in the hypertrophic mucous 
membrane parallel to the margin of the lid, so as to cause a profuse bleeding. 
Not infrequently a substantial improvement is obtained in this way which may 
last for months. 

Finally, we find, together with the chronic conjunctival catarrh, a marked sen- 
sitiveness of the supraorbital nerve, from which severe pains radiate, particularly 
in sensitive people. In such cases Peters recommends the internal use of quinin 
and iron in combination with secale cornutum : 

Secal. comut 1.0 

Quinin. muriat 2.0 

Ferri sulph 3.0 

Extr. gent., q. s. ut f. pil. No. 100. 

Sig. : Two pills three times a day ; 

or ^ to 1 teaspoonful of tinct. eucalypti globuli may be taken in a glass of water 
after meals. 

Asthenopic troubles may also be helped in this way when no other cause is 
apparent than an oversensitive condition. It is of considerable importance that 
the digestion be regulated, and it scarcely needs to be mentioned that anaemic 
conditions and scrofulosis must be cared for. Many patients with chronic con- 
junctival catarrh are relieved in this way. But tiiere will still remain many 
cases, the etiology of which cannot be elucidated and where treatment fails to 
effect a permanent cure. The advice to avoid smoke and dust is easily given. 
In many instances we are obliged to content ourselves with some amelioration 
of the troubles which constantly recur. 

10. The Diplobacillus Conjunctivitis: One of the Chief Forms 
of Chronic Catarrhal Conjunctival Inflammation 

The history of our patient indicates a slight catarrhal trouble. The impor- 
tant point is that this trouble has lasted a long time, for many months. This is 
a form of chronic conjunctivitis which, if not treated, may persist for several 
years. It is caused by infection with the Morax-Axenfeld bacillus, and is called 
diplobacillus conjunctivitis. 
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TTie Clinical Syndrome of Diplobacillwf Conjunctivitis 

The margins of the lids are red, but only at the canthi. The color is most 
marked at the inner canthus, where it is of a peculiar livid hue. The skin in 
the reddened canthi is moist, appears to be somewhat macerated, and is covered 
by a gray-yellow, tenacious secretion. The changes in the conjunctiva are insig- 
nificant as compared with those at the canthi ; it is somewhat reddened as far as 
the transition fold, but the conjunctiva bulbi is hardly involved, except that it is 
rather red in the vicinity of the canthi. This is a chronic catarrhal inflammation 
of the conjunctiva, located chiefly at the canthi. It has been called quite prop- 
erly blepharoconjunctivitis angularis. 

The conjunctival secretion is very slight, but if we take a smear of the mucus 
lying on the caruncle, we will find almost invariably numerous short, plump bacilli, 
usually in pairs, in the secretion which ordinarily contains few cells. When epithe- 
lial cells are present they are usually densely covered with bacilli. Phagocytosis 
is rare. The microorganisms have rounded ends, vary in size and are often in 
the form of small diplobacilli. They are easily recognized ; they are decolorized 
by Grain's method and have only a slight capsule formation. 

The culture of this pathogenic agent is quite as characteristic as the slides. 
It grows on blood serum, serum agar and ascites agar only at the temperature of 
the incubator. The cultures on blood serum are very typical. Where the 
colonies develop deep cavities are formed, for the diplobacillus liquefies the solid 
blood serum. This and the related PetiVs diplobacillus are the only morbid 
agents among the bacteria of the conjunctiva that possess this characteristic. 
PetiVs diplobacillus may be disposed of in a few words. It can be differentiated 
from the common Morax-Axenfeld diplobacillus only by the fact that it grows 
more luxuriantly and on ordinary agar. It belongs to the same group of mor- 
bific agents, for it has been proved able to produce the picture of diplobacillus 
conjunctivitis in man. It is met with rarely in conjunctival troubles, but is 
comparatively frequent in the cornea. 

These diplobacilli are able to retain their vitality for a long time outside of 
the body in a dry condition, particularly in dried secretion. They have also 
been found in the nasal tract of healthy persons by Erdmann^ so we must sup- 
pose that the eyes may become infected through the nasal secretion. According 
to the researches of Morax^ Axenfeld and others, the inflammation begins after 
an incubation period of four days in the conjunctival sac. The diplobacillus is 
not pathogenic for animals, but man is extremely susceptible to this infection 
and the inoculation of the secretion almost invariably results in the disease. 
The diplobacillus has been met with on the healthy conjunctiva only in rare 
instances. Once settled on the human conjunctiva, it continues there very long, 
if the inflammation is not treated. Attention is called to this disease for two 
reasons. 

In the first place this disease is very often not recognized, because its objec- 
tive symptoms frequently are very slight. When, however, we have learned to 
look for the characteristic changes in the canthi, we find that this diplobacillus 
conjunctivitis is a very widespread disease. I can only advise that when a patient 
comes to be treated for an obstinate chronic conjunctival catarrh this diplobacillus 
conjunctivitis should be considered primarily. 

In the second place it happens very often that the physician torments himself 
in vain with the treatment of a conjunctival catarrh, and all our usual remedies 
are impotent in a diplobacillus conjunctivitis. The consensus of opinion com* 
mends preeminently in such cases treatment with zinc. 
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Treatment of the Diplobactllus Conjunctivitis 

We first wash out thoroughly the conjunctival sac with a weak solution of 
zinc. Then we prescribe zinc sulphat., 0.03, aquae destill. ad. 10.0, to be 
instilled regularly at certain intervals. Finally, the patient is instructed to apply 
a zinc ointment of the same strength to the eye in the evening and, particularly, 
to smear it on the inflamed canthi. Why the effect of zinc on the diplobacillus 
conjunctivitis is so good, has not yet been learned. It is not directly bactericidal, 
for the experiments of Paw/, Silva and others have proved that the diplobacillus 
is very resistant to solutions of zinc. 

If our patient is to be freed from his troubles he will need to continue with this 
zinc therapy for weeks at a time, for otherwise relapses are frequent, and I cannot 
agree with those who speak of zinc as a ** specific"" for diplobacillus conjunctivi- 
tis. Very obstinate cases have been met with in which consistent treatment with 
zinc has proved unavailing. In such cases I have finally succeeded by the aid of 
active immunization. 

Ordinarily, no immunity to the disease is acquired ; we see the trouble last 
for years, we see relapses occur; it may be after an original cure with zinc, it 
may be after ex|)eri mental reinfection. I have therefore made cultures of the 
diplobacilli met with in such persons and, after killing the cultures, have injected 
them in increasing quantities subcutaneously. The result was then quite satis- 
factory, the zinc therapy being continued. The obstinate inflammation definitely 
vanished, and artificial infection with a fresh culture produced no effect. But 
this is a form of treatment which can be carried out only in the clinic. Else- 
where treatment with zinc must 'suffice, and in most cases it is competent. 

11. Conjunctivitis Pseudomembranosa and the Value of Diphtheritic 

Serum in Diphtheritic Infection of the Eye 

This child has a severe inflammation of both eyes. His physician states that 
on the first day it appeared to be an acute catarrhal affection, but that it as- 
sumed such a threatening character on the second day that he advised the child 
to be sent to the clinic. The lids of both eyes are red, swollen and hot. The 
tumefaction of the upper lids is particularly mtirked ; they are greatly infil- 
trated and feel almost as hard as boards ; the child cannot open his eyes. 

Although at first glance this condition recalls the grave symptoms of a gonor- 
rhceal infection still, in contrast to the phenomena presented in that disease, there 
is no blennorrhoea, no pouring forth of pus from between the lids. At present the 
secretion is very moderate in quantity. We will now separate the lids with a re- 
tractor. 

The entire surface of the conjunctiva of the lower lids, even up to the transi- 
tion fold, is covered by a yellowish gray, or dirty gray, opaque membrane. In 
the lower transition fold, which alone can be brought into view, the mucous 
membrane is yellowish white, fatty and studded with red points scattered over it. 
In graver cases this necrosis may sink deeply into the tarsus, and even the neigh- 
boring skin of the lid may become partially, or wholly gangrenous. Other serious 
cases may show isolated necrotic islands in the skin of the lid. The conjunctiva 
bulbi is livid, yellow, chemotic and surrounds the cornea like a rigid wall. Now, 
while the lids are held apart, a small quantity of thin, turbid fluid wells up from 
the palpebral fissure ; it is stained red because the infiltrated and membrane-cov- 
ered conjunctiva bleeds on slight provocation. If a diagnosis is desired now from 
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the clinico-anatomical view point one can say only that this is a conjunctivitis 
associated with a formation of membrane. But tins is not of the least help to 
us, or to our patient. 

It is true that formerly a clinical distinction was made between a superficial, 
mild form of this disease, which was called conjunctivitis crouposa, and a graver 
form known as conjunctivitis diphtheritica, and it would be difficult to find an- 
other form of conjunctivitis in which the advance of science could be so clearly 
demonstrated as in this conjunctivitis crouposa, for modem bacteriological re- 
search has proven that the clinical picture of a conjunctivitis associated with the 
formation of a membrane may be produced by any one of a long list of very dif- 
ferent pathogenic agents. 

Here we encounter the biological law. previously mentioned, which declares 
that the manner in which the mucous membrane of the eye reacts to an infection 
depends on the predisposition, or susceptibility, of the body as a whole, on the 
local condition of the conjunctiva itself, and on the peculiarities and virulence of 
the morbific bacterial agent concerned. It has been demonstrated that croupous 
inflammation of the conjunctiva may be excited by gonococci, pneumooocci, sbep- 
tococci, diphtheria bacilli, Koch- Weeks bacilli and other micro-organisms. The 
mildest case of conjunctivitis crouposa may be caused by very virulent diphtheria 
bacilli, the gravest diphtheritic conjunctivitis by streptococci, and vice versa. 
Therefore the clinical differentiation between croupous and diphtheritic conjunc- 
tivitis is unsatisfactory. It is better to designate this entire group of inflamma- 
tions of the conjunctiva as conjunctivitis pseudomembranosa. It is essential to 
bear in mind the fact that the formation of a pseudomembrane may be a symptom 
evolved from an infection by bacteria of the most various species. 

Even the differentiation formerly emphasized, that after recovery from con- 
junctivitis crouposa the conjunctiva regained a perfectly normal condition, while 
conjunctivitis diphtheritica resulted in necrosis of the infiltrated parts and in the 
formation of cicatricial tissue, can be maintained no longer. A severe strepto- 
coccal infection of the conjunctiva, presenting the clinical aspect of conjunctivitis 
crouposa, may result in a considerable gangrene of the conjunctiva and large 
cicatrices, while a mild infection with diphtheria bacilli may run its course with- 
out injury to the conjunctiva. 

It is also incorrect, pathologically, to state that in conjunctivitis crouposa the 
membranous formation is merely superficial, while in conjunctivitis diphtheritica 
the exudation is deeply rooted in the tissue. We meet with many intermediate 
forms, and it has been demonstrated that both forms of exudate may be met with 
on one and the same conjunctiva. It is, I think, a step backward when some of 
the elder ophthalmologist continue to adhere to a single concept, to a superannu- 
ated clinical system, and to persist in the differentiation of conjunctivitis crouposa 
from other forms of conjunctival inflammation, particularly from that known as 
conjunctivitis diphtheritica. The modem and correct view governing us in every 
case of conjunctivitis associated with the formation of membrane, and in accord- 
ance with which we have proceeded in our work, is as follows: 

Two things are a priori possible in a case of conjunctivitis associated with the 
formation of a membrane : 

1. The formation of a membrane may be due to a traumatism, which may be 
of a mechanical, chemical, or thermic nature. 

Thus, after operations on the conjunctiva, e.g., after operations for strabis- 
mus, a wound may become covered by a fibrous coat. A foreign body may be a 
source of irritation in the conjunctiva for a long time and give rise to a fibrinous 
excretion. The action of acids, alkalies and otter chemicals may be followed by 
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the formation of a membrane. Typical examples are the membranes met with 
after lime bums of the conjunctiva and those that follow the therapeutic applica- 
tion of silver. Jequiritol may induce a typical conjunctivitis crouposa, as has 
been stated already. Likewise it has been shown that burns of the conjunctiva 
with red hot metal may be followed by the formation of a membrane. When the 
etiology is of this nature it is learned immediately from the history, and we need 
to devote no more space to it. 

2. The formation of membrane may be consequent upon an infection. Then 
we inquire into the nature of the disease, for the clearing up of the etiology fur- 
nishes the necessary indications for proper treatment. First I shall state the 
measures that we can use in the clinic, and then sketch what the practitioner 
should do in such cases. Smears are prepared from the membrane, in which may 
be found not a few Gram positive bacilli, clubbed at the ends, or dumbbell shaped. 
As soon as these are seen the child should receive his first injection of diphtheritic 
serum. The smears should be made as thin as possible, and several must be ex- 
amined when the finding is at first negative. 

Still we are unable to decide positively from the smear alone that the infec- 
tion is one of diphtheria. For you know from the study of the bacterial flora of 
the conjunctival sac that a bacterium, called the xerosis bacillus, is normally 
present in every conjunctiva, and that it is very similar morphologically to the 
diphtheria bacillus. Cultures must therefore be prepared by smearing the ma- 
terial on agar, or serum agar, and transferring from this an inoculation into 
Loeffler's serum. 

A word only concerning the differential diagnosis between the true diphtheria 
bacillus and bacteria resembling it, chiefly the so-called pseudodiphtheria bacillus 
and the xerosis bacillus. The pseudodiphtheria bacillus forms little or no acid 
and is avirulent for guinea-pigs, and the different varieties may also be distin- 
guished by agglutination, but neither of these methods furnishes a positive diag- 
nosis, as iiiere are numerous transition stocks. 

The question has also been raised whether the xerosis bacillus is not an aviru- 
lent diphtheria bacillus. I agree with Axenfeld that there is no evidence that the 
xerosis bacillus is able, or can be made able, to produce true diphtheria toxin. 
According to Bietti animals inoculated with xerosis bacilli were not immunized 
against the virus of diphtheria. In the second place in experimental inoculations 
with xerosis bacilli nothing can be recognized which indicates in any way the 
production of diphtheria toxin. The theory advanced by Behring that the xerosis 
bacillus may occasionally assume a virulent form and cause the milder diseases 
known as diphtheroid has not yet been demonstrated to be correct. But if, with 
Lceffler^ we consider identical with the diphtheria bacillus only such bacilli as are 
able to produce the specific toxin we are able to isolate the diphtheria bacillus 
from among bacteria that are very similar morphologically. 

After some hours the cultures have begun to grow and, if we find in them 
colonies typical of the diphtheria bacillus, we use first Neis^er^s granule stain 
(acetic methylen blue — Bismarck brown). Neisser made the discovery that by 
means of this stain a characteristic granular condition is produced at the poles of 
the true diphtheria bacillus in from nine to twenty hours, and when we examine 
the smear thus stained we can see the characteristically placed, slender, yellowish 
brown rods with beautiful, oval, black blue granules in their poles. A positive 
result of this nature informs us within a few hours after the clinical examination 
of a patient that the infection is very probably, if not certainly, due to diphtheria 
bacilli. Absolute certainty may be attained through proof that the bacilli found 
are able to form the specific diphtheria toxin. 
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This toxin mav be demonstiBted first bv animal experiment, second, by nea- 
tnilixation of it by means of the specific antitoxin. The first suffices to establish 
the di:ignosis. A tube of bouillon is im[H^egnated from numeroos characteristic 
ciilonies. in ortler to avoid the chance that bacilli might be taken from a single 
non- vim lent colony, and allowed to stand for twenty- four hours. Two cubic oen- 
tiiiKtivsof this bouillon culture are then iniected beneath the skin of the abdomen 
of a ir^i^)^'^~p^g- The animal dies of diphtheria in from two to four days, after 
the liovelopnieiit of a dou^rhy swelling of the subcutaneous ti?i<ues at the place of 
i-^'tx'tion, surrounded by a brawny and hemorrhagic area. The suprarenal cap- 
>cil^:> mill he characteri<tic:illv reildened and a serous exudate will be found in the 
j-.tural csi\itv. often in the j>eri cardial s;ic as weii. But the trer.tn:ent of our 
jx-itkr.t c:u>t ni>t he dtl-ived until tiie result of th:<exi*rrici€nt iskiwwn. I do not 
cor^ivier it riiiht that we should await the i^suit of all tiiese investigations, even in 
CA5^s that ai^:^\ir to be mild in ch.iracter. because we can never know whether the 
a<::'. ity of tix^ toxin is not premrir.g the «Ay for secondary infections, and 
tbtrtfore it is iii:i^r^ti\e tliat we should deal as i^uickly as possible with the fun- 
CA:::<:.tal tii'!^\'ij^^ and i:.;t<t tl^ dijihtiieria strum as soon as we have good reason 
to su<:xvt the i^re^rce of dii^V.th^Tia. 

T:je bt:ur!vi.*l erTect of diphtheri.^ »mra in diphtheria of the conjunctiva 
is ackn.^Ta '.oiio^vl e\er\xihere, bv a rare aud h..;'iv ci^r'^^r.sus of opinion among 
o; hth.-ilu-o'ivi^ts^ Th^t its e^ect cttn be ctrt .-.::! in a d: ;»'..: nth tic infcvtion alone 
is a Ji'.xfter of civursn?, nixn «e bt.ir in n.ir.d the I:\w of <;^-c:rlvi:^ of the immunity 
rt\\o::v>n between toxin and antitoxin- Its «:rect is ii-.-titr c.u.ifest in a short time 
bv the nx'tin^ awr.v of the UHn.hrane and the div:: i>:Ar.-.ijce of tne new forma- 
tiv-^n. 1: a*M> rrvMnts t'ne spre:;d of the di-^etse to o:ht:r n:uov us Cjemhranes. 
The ear' it r in t':x^ civ^rj^? of t!>e disease the ir.'evtion is ^^en the more certainlv 
* :11 a i^xxl res;:lt Iv prvxiuotAi. 

It lu.^y Iv a<keii Ik^w muv^h antitoxin it is T^cv-^^-iJSAry to use to produce this 
curAtiw e!fect on the ew. Tr^ clsix^r^.te srudies 1 h.-.^e lu^ie conceminji the 

rfeUtrA.iration of the di; htheriA t^^\in bv the artitoxin in the subconiunctival 

• • • 

ti^tfi^"^ anvi t!K» conKa ha\e con\:nv>:\i c:e th'tt t:>e i:j.z.Scr of units which have 
c^ii.-'L.lv btx-n eur»^\^\evl in di^^a-i^^i of trie t\c is t^x^ sji.?>..l. th.^t a sinirie dose of 
l.vVH^ units is !>i^t su!*:oiint. l^srorr dores shou .J Sr g: -vr.. Ie addition to the 
s:.:Sr.::a:xxn:s iu'ivtion of antitox:n a io».krk^\i. err d.; other: a serum mav be 
c,>-ti\t oxer trie ci>r*unotival surf.-.cv, so :hAt th-e ant.Tv^x:-- is brought into direct 
ccv:-*.vt 'with t:x^ to\:n ar.d *:/. c\^' tribute to its Txutr.'.-lr.'.tion. 

r»e OTvVr.xv^js :nr.An.ru.-.t.or.> ot tr>e vv^r unctr^A .«rv * .uost exc.u<:".t;y diseases 
of cV.i.vi.xxxt. a'xi «e k:x^« frv^n^ clir.ir.^/. e\i«tr:t7s?e t: ..t i.I cf the infections 
^>. vh ca;>iL" :>^^Uvionx':v.bTr.nv^.:s ci^v. u'.'-vt:x :t:> ^i.-v Va ; rtftreiAre u:x>n feel'e and 
:..-:our:>r;c\i ch,.viTvn who .-^re cxv^ ?i escv'.t fr.^:v r.-^t.^i^.c-s^ or sor.-e otr.er inftvtious 
vV.^-v^-- Tr>e or'.x di*,s;5*f ttv^n: which th:s ci^r-.i.f.-n r^c^^s to Vt difertntiAted is 
tS* xcrn r^;rv ,^vV.te ixnv.v/g*us. K:t in :xn yh"g-.:rs :>•£■ rxu trxrjei a*^ easi'.y ivckiv- 
*V.e a.xt Tvvur t>r nx^vt.^s. I'^-vr^.t x^e 0.:-^*.^"^ o: the vvcurvtiva with a tihri- 
T»«'.s <\v<,t rg *re e^is^.x rt\xv"'iri\i. Fhe *.v'.x\vrs.rce of gr::.: u -.tirg ulcers is veiy 
vt ~;:vt. ax: thex do not hsxe tix" st^.nx^ a«:ute sat. t-.tv-r.:s -*t rir«i that are present 






In txr ,rr ^-^-^-s the >wx V.:r^ of the 'i.is rtx^vx^ the t\ ".i in the i^l;iebral skin 
rt*.vx-*.r, t.x' t '!5v,>t^ si^ftt n ?»<.^ th%t tSc . .i v*-.n St e-itrtf.i. tr«t s^tvrttie*!! ir>crtages 
it r>^ *.*xt tSin ,i nvrvScs gT>..iu.';..> uvt.I the cx^' u:-vrt-.- a h*.s rt-g^irxti its nor- 
r: k\ o.r-^i tx^r. In >^*>vtv cAs^sor a. the corurc^ a is rL«rr::'/-.y destroyed by 
T»:v^,>^.> ^.--^.t Cvr\tT"vX*^ are •v^^'^x^t. 05»rc^*'-xv> : ■*, r r. \::cn* ni^y nesu.t m a 
>» V . ,; ^ % . . r*e » »N .X . ». '» . . .^*c<..7x. tv *rv. ..*...,>'. ^ t.* *....•.*. ^-.^ _.. a>-?w jl-x. x^^v- 
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sis. So far as such grave forms depend on the pure diphtheria infection they 
have become very rare since the introduction of serum treatment. 

The involvement of the cornea forms one of the most important considerations 
throughout the entire course of conjunctival diphtheria. The experimental 
studies of Coppez, Dugast and others have demonstrated that after prolonged 
instillation of diphtheria toxin into the conjunctival sac the cornea may become 
opaque and necrotic. I have found that swelling, opacity and partial necrosis 
of the tissue may be occasioned by the injection of a few drops of * a 1 : 10,000 
dilution of diphtheritic virus into the parenchyma of the cornea. These changes 
have been studied by my tissistant, Dr. Gnieter, According to Uhthoff^ the diph- 
theria bacilli themselves cause a purulent infiltration in the comeae of animals. 
In man the conditions are such that the toxin may produce a pseudomembrane, 
but it rather prepares the way for secondary infections. Suppuration of the cor- 
nea induced by diphtheria bacilli is exceptional in conjunctival diphtheria; it is 
usually the result of secondary infection with pus germs. It may start in the 
middle, or at the margin of the cornea and is not entirely due to the interference 
with nutrition by the diphtheritic infiltration of the conjunctiva, as was formerly 
thought to be the case. Serum treatment exerts no such certain influence over 
the corneal complications when they are due to secondary infection as it does 
over the conjunctival trouble. 

It must be borne in mind that the infection of conjunctival diphtheria is a 
source of danger both to the patient himself and to others. The disease may 
extend from the conjunctiva to the mucous membranes of the nose, throat, larynx 
and trachea, and, in malignant cases, cause death, but when the serum has 
been administered in time, conjunctival diphtheria usually follows a benign 
course. Careful precautions must be taken that the infection may not be 
communicated to other persons by the patient. The patient must be isolated 
and sometimes prophylactic immunization of the other members of his family 
will be necessary. 

Conjunctivitis Pseudomembranosa from Other Causes 

It has been stated already that the same clinical picture of conjunctivitis 
pseudomembranosa may be produced by other pathogenic agents than the diph- 
theria bacillus. Such agents are the gonococcus, the Koch-Weeks'' bacillus, the 
staphylococcus, FriedUender^s pneumonia bacillus, the bacterium coli, preemi- 
nently the pneumococcus and the streptococcus, and we must consider what our 
conduct should be in such cases, particularly how the general practitioner, from 
whom such an accurate etiological diagnosis cannot be expected, shall deal with 
them. 

When the infection is produced by a microorganism against which we can in- 
terpose no such certain remedy as the diphtheria serum we must content ourselves 
with the measures employed in other infectious inflammations of the conjunctiva: 
cleansing, protection of the other eye from infection, and washing out of the con- 
junctival sac. As soon as the membranes have been cast off they should be re- 
moved carefully from the eye. No application of a caustic nature should be 
made to the conjunctiva while the inflammation is in this stage, but after the 
formation of membranes has ceased, the conjunctival secretion has become greater 
in amount and the lids have become movable, the application of a one per cent, 
solution of silver nitrate is indicated. Cold should never be applied to diph- 
theria of the eye, because the infiltrated tissue is already suffering from impair- 
ment of nutrition and has a tendency to necrosis. When the cornea is involved 
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treatment must be confined to the introduction of an ointment containing either 
iodoform, or bichloride of mercury in the strength of 1 to 10,000, into the 
conjunctival sac. 

The situation is somewhat different when we have to deal with a croupous con- 
junctivitis due to a pneumococcus infection. Many such infections run a harm- 
less course, but occasionally the pneumococcus excites a very grave pseudomem- 
branous conjunctivitis, as in cases reported by Becker y Kimpel^ Hertel^ Roacher 
and others. In such cases it is advisable to administer large doses of pneumo- 
coccus serum both subcutaneously and locally, for in my experience it has proved 
very efficient. 

Streptococcal infections deserve special consideration, for the streptococcus is 
the pathogenic agent which, either alone, or in association with the diphtheria 
bacillus, is most frequently responsible for the production of a pseudomembra- 
nous conjunctivitis. The most virulent forms of this inflammation, in which the 
conjunctiva becomes necrotic and the cornea destroyed, are the work of this agent. 
The children attacked are, as a rule, badly nourished, suffering from hereditary 
syphilis, or convalescent from some acute disease. Great numbers of these cases 
have been described in medical literature. It is not a matter of surprise that 
many of these patients die of secondary sepsis, when we consider how the conjunc- 
tiva and cornea have been changed into a dense culture of streptococci. In the 
majority of the cases of croupous conjunctivitis following mecisles, or scarlet fever, 
the pathogenic agent is the streptococcus, and yet it is exceptional to meet with 
the streptococcus in a case of simple conjunctivitis. 

Stenosis of the nasolachrymal duct is associated with a conjunctivitis excited by 
streptococci, that has been named lachrymal streptococcal conjunctivitis. These 
cases are frequently complicated by an irritation of the iris caused by the resorp- 
tion of the toxin. 

Finally streptococci have a certain predilection for the conjunctivitis that so 
frequently accompanies an eruption of impetigo on the face in persons of a scrof- 
ulous diathesis. 

In all serious streptococcal inflammations of the eye recourse should be taken 
immediately to the specific streptococcus serum. The longer my experience with 
this serum the stronger my conviction becomes that it cannot be denied an action 
comparable with those of other serums. The difficulties that militate against the 
development of its therapeutic effect lie in the facts that streptococcal serums from 
different stocks differ in efficiency, and that it is commonly employed too late. 
But many times it has proved itself able to save not only the eye, but the life of a 
child suffering from a grave streptococcal infection and it must therefore not be 
left untried. 

It is well known that the streptococcus is met with as the agent of infection 
very frequently in other peu*ts of the body, so it is well to emphasize the fact that 
it appears in the eye with comparative rarity. When met with in the eye a dif- 
ferential diagnosis from the pneumococcus is always necessary. This may be 
made by the experimental inoculation of a mouse, because the pneumococcus will 
then appear encapsulated in its blood. 

Finally, what shall the general practitioner do in view of the manifold 
etiology of pseudomembranous conjunctivitis and these difficult questions in bac- 
teriology and differential diagnosis? In any doubtful case the subcutaneous 
injection of diphtheria serum can do no harm, for none of the other germs are of 
equal importance with the diphtheria bacillus, but grave cases should be handed 
over to the specialist for treatment. 
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12. Conjunctivitis Gonorrhoica of Infants (Blennorrhoea Neona- 
torum) and Its Clinical Course 

It needs but a glance at an infant a few days old, with streams of thick 
yellow pus welling forth from between the lids of both eyes, to make the diag- 
nosis of blennoirhcea neonatorum, a grave disease of the eye caused by the gon- 
ococcus discovered by Ntisser. In reference to this disease there are five things 
with which every physician should be conversant: I, its clinical picture, II, ita 
pathogenic agent, III, its course and prognosis, IV, ita treatment V, its prophy- 
laxis. 

I. The Clinical Picture of Blennorrhoea Neonatorum 

The lids of both eyes are very red and so swollen that they can scarcely part 
•uflieiently to allow the pus to gush out from time to time through the palpebral 
fissure. Measures must be taken to examine the eyes more closely, and in 
attempting to do this it must be borne in mind that this disease is extremely con- 



FiG. 13.— Examination in Blennorrhoea Neonatorum. 

tagiouB. It is not an infrequent occurrence that a physician infects his own eyes 
while making this examination and t was once obliged to enucleate the eye of a 
colleague that had been destroyed by such an infection. The physician should 
protect his own eyes, by means of large glasses, against the danger of any secre- 
tion being spattered into them, just a^ he does in the treatment of trachoma. He 
then places the child on his lap in such a way that the head rests between his 
knees, lying on a towel, while the nurse holds the bands. Larger children may 
be held in the same manner, the head gripped between the physician's knees, the 
arms and legs controlled by the mother, or a nurse, and examined satisfactorily 
even when they are photophobic, or are struggling to prevent the examination. 
The next important point in the examination of a case of ophthalmia neonatorum 
is that the pus must not be allowed to spirt when the lids are opened. A piece of 
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absorbent cotton is taken from a solution of bichloride of mercury, squeezed out 
with the fingers and laid over the palpebral iissure, the lids are drawn apart, tlie 
physician using both hands, and the gush of pus is intercepted by the wet cotton. 
If this precaution is not observed, and if the disease is in its early stage, when the 
lids are tense and tightly closed by a spasmodic contraction of the orbicularis, it 
may easily happen that when the lids are separated the pus will spout from the 
eye and endanger other eyes. 

Although the greater part of the pus has now escaped little can be seen as yet 
of the eye, as it needs further cleansing by squeezing a piece of absorbent cotton 
saturated with a solution of boric acid, or with a physiological salt solution, over 
it, so that the gentle current of fluid will wash away the remaining pus. 

Even now the eye cannot be seen, if the inflammatory swelling is great, 
without recourse to the lid elevator. This instrument is anointed with vaseline, 
in order that the mechanical irritation of the eye may be as slight as possible, and 
then introduced beneath the upper lid. As soon as the lids have been separated 
by this means new masses of pus come into view from the transition fold. These 
need to be wiished away and then the conjunctiva can be seen to be very red and 
swollen. 

All this is done not only for the purpose of removing the pus, but also to 
enable us to ascertain the condition of the cornea. Focal illumination from a 
lamp situated to one side is very well suited for this purpose. The cornea may 
be clear and bright in one eye, while in the other an oval ulcer with cloudy gray 
margins and base may perhaps be seen just below its centre, as soon as the pus has 
been washed away. These ominous corneal ulcers that occur in blennorrhoea 
commence in the same way as other ulcers of the cornea. The surface is at first 
dull and presents a slight diffuse cloudiness; the opacity increases; a purulent in- 
filtration develops ; the epithelium is broken ofl^ and the parenchyma breaks down. 
Such an ulcer of the cornea is a serious complication. The gonococci from it may, 
after perforation, infect the eyeball and penetrate into the iris. They have been 
traced by Freund even to the equator of the globe. But other pathogenic agents 
take part in the development of the corneal ulcers that are formed during the 
course of a gonorrhoea. The prevailing theory, based on the findings of Coppel^ 
is that secondary infections originate from the toxic products of the gonococci 
after the corneal epithelium has been injured. 

II. — ^The Pathogenic Agent of Conjunctivitis Gonoirhoica 

A number of smears should be made of the pus on slides and stained. For 
diagnostic purposes it is necessary that, in addition to those stained by the ordi- 




Fig. 14. — Desmarres' Lid Elevator. 



nary methods, a control preparation should be made according to GrarrCs method, 
by which the gonococcus is decolorized very promptly. Examination of the slides 
will then reveal the diplococci, stained red by Gram, occupying by preference the 
pus cells, but also lying near and between them. The peculiar, kidney-shaped 
contour of the cocci should be noticed particularly. 
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Cultures grow best in media which contain 50% of uncoagulated human 
serum. When a large quantity of pus is used to impregnate ordinary media 
gonococci can frequently be cultivated in them, but usually the attempt to culti- 
vate gonococci in simple media is unsuccessful. The colonies formed in serum 
agar are very delicate, when serum bouillon is used a mucous sediment is de- 
posited. It is an interesting fact that gonococci affect man alone ; when they are 
introduced into the bodies of other animals they quickly die and cause circum- 
scribed inflammations only through their endotoxic action. Inoculations upon 
the mucous membranes of animals have always proved unsuccessful, while a living 
pure culture applied to the human urethra always excites a typical gonorrhoea and 
is always highly pathogenic to the mucous membrane of the human eye. 

nL — ^The Course and Prognosis of Conjxmctivitis Gonorrhoica 

The first signs of this disease are usually noticed between the second and the 
fourth day after birth. Ordinarily both eyes are involved from the start, some- 
times the inflammation appears first in one eye and later in the other, in rare 
cases one eye alone is affected. 

The immediate cause of the disease is the entrance of secretion containing 
gonococci into the conjunctival sac. While the head of the child is passing 
through the genital passages of the mother, during labor, the lids may become 
separated and permit the entrance of an infectious secretion from the mucous 
membrane of the vagina. The danger that this may happen is increased by a 
premature rupture of the membranes and by a prolonged labor. Many cases have 
been reported in which the children have been bom with active blennorrhoea 
and with comeae already ulcerated or perforated. In most of these cases the 
labor was complicated by abnormal positions of the child, premature rupture of 
the membranes, or delay, with frequent manual examinations. 

But the infection may take place after birth from secretion adherent to the 
lids, which is brought into contact with the conjunctiva by an improper method 
of cleansing. It also sometimes happens that the infectious secretion comes not 
from the mother, but is conveyed to the child from some third person. Occa- 
sionally also a mother infects a child as the result of her uncleanliness as regards 
her lochial secretion, which contains gonococci. In all such cases we have to deal 
with a late infection. However the infection may take place the disease com- 
mences with characteristic symptoms and its course may be divided into three 
periods. 

The first stage is that of infiltration. The lids swell rapidly so that the eye 
can no longer be opened. At first this swelling is so tense that it is difficult to 
separate the lids, even with the aid of an elevator. The palpebral conjunctiva 
appears bright red as far back as the transition fold ; sometimes the bulbar con- 
junctiva becomes red and chemotic, a condition that indicates the presence of a 
malignant infection and renders the prognosis grave. The entire mucous mem- 
brane still looks smooth and lustrous. A watery secretion, frequently having a 
yellowish tinge, exudes from the palpebral fissure and indicates the increased 
secretory activity of the conjunctiva. 

This stage lasts only a few days. The first sign that it has passed is the 
change in the nature of the secretion into thick, yellow pus. The designation, 
stage of the pyorrhoea, has been aptly applied to this, the second stage, for the pus 
pours in streams from the eyes and is constantly renewed. A few minutes after such 
an eye has been cleansed a great quantity of pus is present again. This stage lasts 
for weeks, during which there are fluctuations in the quantity of pus secreted. 
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The tense swelling of the lids decreases gradually, folds reappear in their skin 
and their mobility improves. Meanwhile the appearance of the conjunctiva itself 
undergoes notable changes. As soon as suppuration begins the mucous mem- 
brane becomes more darkly red and loses its smoothness. The palpebral conjunc- 
tiva, as far as the transition fold, gradually assumes a velvety appearance, because 
the papillae have begun to hypertrophy. These symptoms indicate that the dis- 
ease is about to enter its final stage. As the secretion gradually loses its puru- 
lency, becoming muco-purulent and finally catarrhal, the papillae become greatly 
enlarged until the conjunctiva looks as if it were cut to pieces and is covered with 
ragged elevations. This stage of papillary hypertrophy may persist for two 
months, or even longer, but it finally undergoes involution and leaves the mucous 
membrane once more pale and smooth. The conjunctiva may recover completely 
from a gonorrhoeal conjunctivitis without having suffered permanent damage, 
and this is the more remarkable because, throughout the course of the disease, it 
has passed through important pathological changes. In the first stage the cedem- 
atous swelling, the great distention of the vessels and the infiltration of the tissue 
predominate. The epithelium of the palpebral conjunctiva is loosened and even 
absent in places. In the third stage the most prominent symptom is the enormous 
hypertrophy of the papillae with large vessels in their connective tissue stroma. But 
the tarsus is exempt throughout the entire course of the inflammation, a fact that 
goes far to explain why no serious cicatricial changes persist after its subsidence. 

Unfortunately the course of the disease is very often complicated by involve- 
ment of the cornea. When this happens it is a rare occiurence to have a simple 
infiltration form and retrogress completely ; usually the infection penetrates into 
the cornea and leads to the formation of an ulcer in one of two places. 

Sometimes a yellowish gray infiltrate appears at the margin of the cornea, 
soon becomes confluent and forms a crescentic ulcer parallel to the limbus, like 
that met with in catarrhal inflammation, and usually this extends until it has cir- 
cumscribed the entire periphery and caused the whole cornea to break down into 
pus. 

A t3rpe much more frequently met with is one in which a slight, smoky opacity 
appears a little below the centre of the cornea, increases until the epithelium is 
thrown off and a horizontally oval ulcer is formed, which exhibits an unfortunate 
tendency to penetrate into the parenchyma. The situation of this ulcer is char- 
acteristic. It corresponds to the portion of the cornea which, when the eyes are 
closed and turned upward, lies directly beneath the palpebral fissure. This local- 
ization is due to the fact that the pus is present in greatest abundance within the 
palpebral fissure and so enables the toxic products of the microorganisms to pro- 
duce their most virulent effect upon the cornea at this place. The course of this 
ulcer differs from that of the other. The result may be termed excellent when it 
heals without perforation and cicatrizes with the aid of an extensive vasculariza- 
tion extending to it from the margin of the cornea. A leucoma is left which may 
clear up so much that in later life a delicate macula alone may testify to the 
gravity of the present situation. 

Too often the progress of these ulcers is not checked until they have caused 
perforation of the cornea, and the final result then depends, among other things, 
on the size of the ulcer and the way in which the perforation takes place. Most 
frequently a prolapse of the iris occurs and is productive of a leucoma adherens ; 
or the prolapse may heal in the form of an ectatic cicatrix, which results in a 
larger or smaller staphyloma. If the ulceration maintains its activity in spite of 
the perforation the infection penetrates into the eyeball and the final result is 
phthisis bulbi. 
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The behavior of the lens at this time deserves special attention. If it moves 
forward, so as to come in contact with the cornea when the aqueous escapes through a 
central perforation, the purulent inflammation in the cornea excites an irritation of 
the epithelium of its anterior capsule. This proliferates and an anterior capsular 
cataract is produced, which forms in later life an evidence of what has taken place. 
When the perforation occurs suddenly, particularly if the child is straining hard 
at the time, the lens may be dislocated and appear between the margins of the 
lids. 

So much concerning the course of the disease as regards the eye itself, but the 
entire organism not rarely participates. Infants with this disease may have a 
gonorrhoeal stomatitis, which usually runs a benign and rapid course and is fre- 
quently overlooked. It may be caused by transference of secretion to the mouth 
by the hand of the child, but the gonococci may also reach the throat and mouth 
by way of the lachrymal passages. 

The connection between the ocular inflammation and the inflammations of joints 
met with in infants is more important. It is evident that some of the gonococci 
may enter the blood and be deposited metastatically in the joints. The presence of 
gonococci in intra- and perialrticular exudates has been demonstrated by several 
authors, particularly by Deutschmann, Lindemann and Koch. These arthritic 
inflammations appear usually in the third or fourth week of the disease, but may 
present themselves sooner. The knee, wrist, ankle and sometimes the elbow, are 
the joints ordinarily affected. The course is febrile, but as a rule benign, and 
periarticular abscesses are rarely met with. 

It is evident from what has been said that conjunctivitis gonorrhoica neona- 
torum is a very serious disease. Not long ago, and in some countries even at the 
present day, the majority of the persons living in asylums for the blind owed their 
incurable blindness to blennorrhcea neonatorum. Statistics vary and details are 
burdensome, so a few examples will suflice to impress this fact. Magnus found 
that of 1,046 persons who became blind during tiie first year of their lives, 753 
lost their sight through blennorrhcea. In some asylums 30, 35, and even 60% 
of the inmates had been rendered blind by this disease. Fuchs estimates that the 
number of the blind in Europe amounts to 300,000, and that more than a tenth 
of these owe their condition to blennorrhcea neonatorum. Hence no case of this 
disease should be esteemed as not very serious. The treatment of every case 
should be transferred to the specialist as quickly as possible, but the general prac- 
titioner should be thoroughly conversant with the treatment, in the first place be- 
cause it is not always possible to transfer a patient to the specialist's care, and in 
the second place because there is an intimate connection between the treatment 
and the prophylaxis of this disease, the latter of which offers a fruitful field for 
his work. 

13. Treatment and Prophylaxis of Conjunctivitis Gonorrhoica 

Neonatorum 

A. Therapy of Conjunctivitis Gonorrhoica 

The fundamental principles of the treatment of blennorrhcea are substantially 
the same as those of the treatment of other acute infectious inflammations of the 
conjunctiva, but they must be applied more rigorously, because the eye is in 
greater danger in a gonorrhceal infection than in any other conjunctival disease 
yet discussed. 
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As soon as a child with blennorrhcea is admitted to the clinic it is isolated 
and confided night and day to the care of a special nurse. The nurse must first 
of all be familiar with the care, cleaning and feeding of children; for this reason 
it is well when the mother can be admitted with the child. The nurse must know 
that she is dealing with a dangerous disease, and that, for the protection of her 
own eyes, she must cleanse and disinfect her hands with painstaking care each time 
after she has had occasion to touch the child. Her duties are very fatiguing and 
perilous. During the absence of the physician her instructions are to cleanse the 
eyes in the manner about to be described. 

It is of fundamental importance in cleansing the eye that the cornea must not 
be touched either by whatever is used as a sponge, or by the hand. For this rea- 
son the secretion coming from the palpebral fissure should always be wiped away 
by a movement of the hand from the temporal toward the nasal side. The lower 
lid is to be drawn down and out from the eyeball and the conjunctival sac may 
then be thoroughly irrigated. 

Although such lotions as solutions of boric acid in the strength of 1 : 300, of 
bichloride of mercury, 1 : 5,000 or 1 : 10,000, of permanganate of potassium, 
1 : 5,000, and of oxycyanate of mercury 1 : S,000 are useful and harmless in 
other forms of conjunctivitis, it is doubtful if their use in blennorrhcea is advan- 
tageous in any way and I have discarded them for the following reasons : 

It has never been demonstrated that the gonococci in the infected conjuncti- 
val sac can be destroyed more quickly by their aid. The bactericide power of 
solutions of the given strength is exceedingly minute under conditions in which 
the cocci are partly in the tissue and partly in the folds of the conjunctiva, con- 
ditions that are in no way comparable with those present in a test-tube experi- 
ment. When the cleansing of one eye is performed with one of these solutions 
and that of the other with ordinary salt and water, the gonococci decrease no 
more rapidly and no sooner in one eye than in the other. But even if a slight 
antiseptic action might occasionally be produced, such an advantage would be 
overbalanced by the injuries inflicted. 

It must never be forgotten that if an eye is to be kept as free as possible from 
the infectious secretion during the stage of pyorrhoea, it must be cleansed every 
15 or 30 minutes. It is astonishing in how few minutes after such An eye has 
been cleansed the pus will reappear. If a normal eye is irrigated in this way 
with one of these antiseptic solutions for a single day a noticeable irritation will 
be produced, even though different solutions are employed in turn. In an eye 
with such an inflammation as this we are now dealing with, in which the tissues 
are extremely sensitive and loose, this irritation is followed by injury to the epi- 
thelium, for the antiseptics are poisons not only to the protoplasm of bacteria, 
but also to the protoplasm of cells. This injury might be accepted as of not 
serious importance if it were counterbalanced by decided benefit in other ways, 
but clinical experience does not show this to be the case. 

I have likewise discarded the application of ice-cloths. The erroneous theory 
has prevailed that the infectious process could be influenced by the application of 
cold, but thermometric tests have proved that the cooling of the lid thus produced 
does not extend to the conjunctival sac, and if pieces of ice wrapped in cloth are 
applied, the thin, tense and badly nourished lid skin itself may necrose. An- 
other reason why this kind of application should be discontinued is that even the 
most conscientious nurse will get tired ; she believes that she has done her duty 
when she has placed the cloth upon the eye, and there she lets it lie. 

Stagnation of the pus must be prevented, and this can be done only by regu- 
lar cleansing and irrigation of the eye. The fluid used for irrigation should be 
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slightly warm. There is little harmony between ice-cloths on the one side and 
warm irrigation on the other. Warnings have frequently been uttered that when 
such an antiseptic as oxycyanate of mercury is used the irrigation must be per- 
formed in such a manner that the fluid cannot come into contact with the cornea. 
Do all nurses, or even all physicians, know this ? Procedures that are theoreti- 
cally curative, but are incapable of being carried out practically, should never be 
recommended. 

So far as the nurse 'is concerned in the treatment, she has only to maintain 
the constant cleansing of the eye, the physician himself attends to the rest. The 
classical method of treatment in this disease is with silver nitrate. At first, when 
the swelling of the lids is so tense that the conjunctiva can be reached only with 
considerable difficulty, little can be done in addition to the irrigation, except to 
'./atch the course of the disease. After a few days, when the tense swelling has 
relaxed, the surface of the conjunctiva has lost its smoothness, the secretion has 
become purulent and the papillae are beginning to enlarge, the lids may be care- 
fully everted, .and a 1 or 2Vo solution of silver nitrate may be painted over the 
surface of the palpebral conjunctiva in the same way as in adults and in other 
forms of conjunctival disease. One eye is treated first, then the other. Nitrate 
of silver in solid form should never be used. These applications may be made 
at average intervals of twenty-four hours, and for a short time thereafter the eyes 
may be covered with moist compresses to mitigate the reaction, the irrigations 
to be then resumed. Under this treatment the swelling and secretion gradually 
subside, in the course of 4 or 5 weeks in grave cases, during which time the 
secretion becomes thinner, muco-purulent and finally scanty. 

Thus far the course followed has been that of a normal case. When corneal 
complications occur we must confess our impotency, if we are frank. The advo- 
cate of the use of ice-cloths immediately discontinues them, but this does not help 
those who do not use them at all. I agree with the majority of ophthalmologists 
in the view that even when corneal complications are present treatment with silver 
nitrate is still permissible, because everything depends on controlling the conjunc- 
tival disease as quickly as possible. When the infiltrates in the cornea are still 
superficial atropin is employed to control the hyperaemia of the iris, or the iritis. 
When the ulcer has perforated and a prolapse of the iris is present the latter 
should be left quiet as long as possible. Experience has taught us that perfora- 
tion favors the healing of the ulcer itself and no attempt should be made to ex- 
cise, or to cauterize, the prolapse until the disease has run its course. 

Substitutes for silver nitrate in the treatment of this obstinate disease, which 
lasts a long time under the best conditions, have naturally been sought for and 
employed, but rarely have any of them proved its equal, none have ever proved 
superior. 

The question arises what does thio therapy accomplish ? Some ophthalmolo- 
gists lay special stress upon this or that material for irrigation and get good re- 
sults without the use of silver at all ; others have returned to the classical treatment 
after a brief abandonment in favor of a substitute ; others again advocate the 
new remedies; each can exhibit good results, but each has his mishaps. It 
seems hardly proper for a scientific investigator to speak dogmatically in this 
regard. Still we continually find, printed in text-books and presented in lectures, 
the statement that by timely treatment th3 cornea can be saved with certainty. 
That is simply untrue, as every objective investigator must admit when he ex- 
amines the records of any one clinic for a period of ten or twenty years. Such 
en examination will reveal how one modification after another has been tried in 
the treatment of blennorrhoea, and how corneal complications have occurred 
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under all forms of treatment, even when the cases have been under observation 
from the very beginning. This shows that the fate of the infected eye depends 
not alone on the treatment, but also on the virulence of the pathogenic agent and 
on the susceptibility of the patient. In mild cases it is easy to save the cornea, 
in grave cases this is not always to be accomplished so readily. / am convinced 
thai in blennorrhea it is a matter of indifference what known remedy we iLse in 
addition to the cleansing of the eye, the infection takes its legitimate course. My 
estimation of the efficiency of our therapy is at variance with that of not a few 
ophthalmologists. 

The feature that has hitherto characterized all experiments and therapeutic 
propositions in conjunctivitis gonorrhoica is the attempt to find a means to kill 
the gonococci as thoroughly and quickly as possible. This idea has floated be- 
fore the minds of most, if not of all, of those who have recommended chemically 
acting remedies for the treatment of blennorrhoea. But there have not been 
lacking others who expected nothing from such means, because they were con- 
vinced that no bactericide has the power to attain the desired result, and confined 
their efforts to irrigation of the eyes. When, without prejudice, we view the 
conditions present in gonococcal infection of the conjunctiva we see reproduced on 
this membrane the same spectacle with which we are familiar in other organic infec- 
tions. Our antiseptics are unable to disinfect this mucous membrane. Gonococci 
are still present when a blennorrhcea has been treated for weeks with silver, or 
other remedies, and they are still present, a point worthy of notice, after the or- 
ganism has got the better of the infection, after the disease has been overcome 
and they can no longer do harm in the eye. Where is the cure by means of 
antiseptics? 

In the future I believe that the treatment of blennorrhoea will be conducted 
along different lines. It does not happen very often that the pathogenic agent 
is directly and quickly killed when we overcome an infection anywhere in the 
body ; it suffices perfectly when the pathogenic power, the virulence of the agent, 
is paralyzed in tiie affected person. As soon as this is attained the organism is 
ready to deal with the infection entirely by itself, in the very best manner. We 
constantly meet with this biological fact as we follow a spontaneous recovery 
from infectious diseases. Diphtheria bacilli may be obtained from a conjunctiva 
for a considerable period of time after a diphtheritic conjunctivitis has run its 
course, but they are harmless to the patient because the organism has become 
immune. Our knowledge concerning the conditions that obtain in the spontane- 
ous recovery from gonococcal infection of the eye is slight as yet, but gonorrhcea 
differs from diphtheria in that a general immunity of the entire body is either 
not formed at all, or is not demonstrable. 

There is also a difference between lu^thral gonorrhoea and gonococcal infec- 
tion of the eye in that a chronic gonorrhoea of the urethra is not uncommon, 
while a chronic gonorrhoea of the conjunctiva is unknown. In the eye the gon- 
ococci generally decrease gradually along with the subsidence of the disease, but 
it has been shown by accurate investigation that they outlast the suppuration. 
Thus Groenouw found gonococci in the eye for twenty-five days after the cessa- 
tion of the secretion, and, even though they do not always persist as long as this, 
it is certain that, though present, they no longer cause injury during the final stage 
of the disease. It must also be remembered that conjunctivitis gonorrhoica raay 
recover spontaneously without any treatment, though more frequently not until ir- 
reparable injury has been done to the cornea. 

This condition of tolerance is attained by the conjunctiva imder the influence 
of the specific infection and we may conceive of it as a kind of local immunity. 
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The final aim of all our therapeutic efforts should be to bring about as quickly as 
possible, without danger to the eye, such a local insensibility of the conjunctiva 
to the gonococcal infection, but we are still far remote from such an ideal, be- 
cause we are ignorant of the processes that take place in the cells of the conjunc- 
tiva. We know that such a local specific immunity always develops slowly and 
only under the influence of the specific infection, and that during this develop- 
ment serious injuries to the cornea frequently occur. The thought suggests itself 
that perhaps this immunity might be attained at the outbreak of the disease by 
means of active immunization with dead cultures of gonococci. In adults this 
might possibly be done^ in a manner analogous to the active immunization to 
typhoid fever and cholera, but should dead gonococci be injected under the con- 
junctiva, or into the muscles of an infant suffering from blennorrhcea when we 
know that a general immunity to this pathogenic agent is unattainable, if it even 
exists? It seems more rational to adopt passive rather than active immunization 
in gonococcal conjunctivitis. In this form of serum therapy it is the purpose to 
counteract the infectiousness of the gonococci and to lessen their virulence by pre- 
venting the development of new generations, which act aggressively, during the 
course of the infection. If such a result can be obtained it will furnish the pre- 
liminary condition for facilitating a spontaneous cure. The gonococci need not be 
killed; with such aid as this the organism can perhaps deal with them as it 
does with other morbific agents by the aid of serum therapy. The interesting 
clinical problem is thus presented to ascertain whether, and to what degree, such 
a result can be attained by means of serum therapy in blennorrhoea. It is 
evident that it can be done only by means of a specific serum. This thera- 
peutic proposal is new. Some experiments have been made with normal serum, 
but this is unsuited for the purpose. I have therefore adopted in the treatment 
of blennorrhcea a specific gonococcus serum that has been prepared by Professor 
Ruppel^ in Hoechst. This serum is used in the form of a dry, fine powder and 
is dusted into the conjunctival sac after each irrigation. It quickly becomes 
dissolved in the fluid and the secretion of the conjunctiva,, so that the gonococci 
are thus brought in contact with a great quantity of the specific protective sub- 
stance. The irrigations of the conjimctival sac may be made also with a 
0.85% solution of sodium chloride to which sufiicient serum has been added 
to make a concentration of 1 : 100. In this way the attempt may be made to 
act directly upon the gonococci through local contact with the specific anti- 
bodies. No resorption of the antibodies from the conjunctival sac takes place 
and the organism cannot be immunized by passive immunization through the 
conjunctiva. 

These thoughts are propounded that it may be clear why I combine with the 
classical silver treatment this form of serum therapy. The critical observer can- 
not remain satisfied with the treatment of blennorrhoea as it has hitherto been 
practised, new ways must at least be tried, and it seems rational to seek local aid 
from the specific protective material of the blood serum in this infectious disease. 
Whether the results of this combined treatment will prove to be better, or not, 
cannot be told as yet, but at all events the application of the dry pulverized 
serum is harmless. It may be dusted over a corneal ulcer and from this we know 
that it does not sterilize the infected corneal tissue. The irrigation of the con- 
junctival sac with salt solution to which the specific protective substance has been 
added is certainly less dangerous than the prolonged use of antiseptics that not 
only do not sterilize the tissues, but are actually harmful to the conjunctiva. But 
we have not attained the ideal in the treatment of blennorrhoea with this serum 
alone, as has been proven by observations instituted at my request in Sattler^s 
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clinic at Leipsic, and it remains for the future to develop an efficient treatment 
for conjunctivitis gonorrhoica. 

To recapitulate the treatment of this disease: We irrigate the conjunctival sac 
with salt solution containing serum, then paint the conjunctiva with a 1% solu- 
tion of silver nitrate, allow the reaction from this to subside for an hour or two, 
and then dust in the powdered serum after each irrigation. The application of 
the silver to the second eye will convince any one that it is not made as easily as 
to the eye of an adult, but the physician must learn how to do it. 

B. Prophylaxis (yf Blennorrhea Neonatorum 

In the prophylaxis of this disease we come to a subject of much interest to 
every general practitioner. An infectious disease can always be prevented better 
than it can be cured. This is the case with blennorrhoea neonatorum. Al- 
though gynaecologists had striven for a long time to guard the eyes of the infant 
against infection by appropriate treatment apjjlied to the genital passages of the 
mother, and although Kehrer^ Bischoff. Schmidt -Rhnpkr and others had tried to 
prevent the outbreak of the disease by prophylactic treatment of the eyes them- 
selves, yet it remained for Crcde to win everhisting renown by the discovery of an 
efficient means of prophylaxis. 

Crede's own directions were: "As soon as the umbilical cord has been cut the 
child is to be freed from the vernix caseosa, with the adherent blood and mucus, in 
the usual way and then placed in a bath. The eyes are to be washed with a 
clean cloth, or better absorbent cotton, not with the water of the bath, but with 
other clean ordinary water. Then, before the baby is dressed, each eye should 
be opened a little by means of two fingers and a siqgle drop of a 2% solution of 
silver nitrate brought in contact with the cornea and allowed to drop upon it. 
No further attention is to be paid to the eye. The instillation must not be re- 
peated if, during the next twenty-four or thirty-six hours, there should be a 
slight redness and swelling of the lids with a mucous secretion.'' It would cer- 
tainly be more judicious to instill the drop of silver nitrate upon the palpebral 
conjunctiva at the inner canthus than directly upon the cornea. 

The results produced by this prophylactic measure were extraordinarily suc- 
cessful. In Crede*s clinic the percentage of blennorrhoea sank from 10% to 0.2^^, 
and the reports from many other clinics bore testimony to its efficiency. 

These brilliant results were due to the power possessed by the silver salt to 
either kill outright the few gonococci in the conjunctival sac, or to render their 
colonization impossible. This exemplifies how entirely different is the prophy- 
lactic action of silver nitrate from its therapeutic action when the disease has be- 
come fully established. In the one case a single drop suffices, in the other the 
conjunctiva may be painted with it for weeks without destroying the germs which 
are firmly bedded in the tissue. That we should hold it in high estimation for 
prophylaxis and think poorly of it as a therapeutic agent when the infection is 
accomplished involves no contradiction of any biologic law. 

Very soon objections began to be made to Crede\s method. The silver nitrate 
may excite in the delicate conjunctiva of an infant a sharp reaction characterized 
by redness, swelling and more or less secretion, as has been demonstrated by 
Kuestner^ Keilmann^ Cramer and others. This catarrh may be aseptic at first 
but after a few davs the ordinary bacteria of the conjunctiva, xerosis bacilli and 
staphylococci, will be found proliferating therein. Such observations led to 
many attempts to substitute for silver nitrate other means, of which the best 
known is protargol ; but, in spite of what might be called the naturally necessary 
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inconveniences that attend its use, most authors adhere to its employment, and I 
myself favor at least a warm 1% solution. In any case the objections made to 
Crede^s method are not to the point. Even when a catarrh is caused by the in- 
stillation of a drop of a 1% solution of silver nitrate, it does no harm, but soon 
passes away and we would gladly produce ten such catarrhs if we might thereby 
prevent a single case of gonococcal infection. But, as a matter of fact, such 
severe catarrhal reactions are by no means so frequent as has been assumed. We 
must not forget also that when silver is not used infants are subject to catarrhs 
caused by other pathogenic agents, in the treatment of which silver is again 
needed. The overwhelming majority of ophthalmologists agree that the objec- 
tions which have been made to Credo's procedure are weak and that the practice 
of this most excellent prophylaxis cannot be urged too strongly. But the employ- 
ment of Crede's method in lying-in hospitals alone does not suffice for the prophy- 
laxis of blennorrhoea, as is shown by the fact that too large a number of cases 
come for treatment from general practice. It has been tried in many states to 
bring Cred^*s method into general use among mid wives, but unanimity has not 
yet been attained, and the directions are ever changing in a lamentable manner. 
Midwives should at least be thoroughly instructed in the nature and dangers of 
the diseases met with in the eyes of infants, and it should be energetically en- 
forced that a midwife call in the aid of a physician as soon as this disease has 
made its appearance. 

It may seem pedantic to describe how a drop should be instilled into the eye, 
but experience will convince any one that even this little manoeuvre requires 
practice. It is a good idea for students to practise instillation of such a drop 
into the eyes of each other. Lay the head of the patient somewhat backward and 
bid him look up; then draw the lower lid away a little from the eyeball and 
instill the drop gently without touching' the lids with the pipette, at the same time 
holding a small piece of absorbent cotton on the. skin of the lid with the hand 
used to draw it out, to absorb and remove whatever overflows, so that the silver 
salt may not come in contact with the clothing. Likewise it is w,ell to have the 
patients who need to be treated with drops practise the instillation in the same 
manner. Children struggle less against the application when the solution is 
slightly warm. 

14. Conjunctivitis Gonorrhoica in Adults and the Protective 

Dressing for the Uninfected Eye 

Yesterday evening the eyes of this patient apj>eared to be perfectly well. This 
morning one of them is the seat of a grave disease. Both lids of the affected eye 
are enormously swollen, tense and red, and the patient can no longer oi)en them. 
A thin, yellowish reddish fluid resembling serum wells forth from between the 
lids in considerable quantity. After the lids have been carefully separated by 
means of the elevator the conjunctiva is seen to be of a deep red color and swollen. 
The conjunctiva bulbi is highly chemotic and surrounds the cornea with a firm, 
doughy wall, overlying it in some places. Large and small hemorrhages may be 
seen in almost all sections of the scleral conjunctiva. The upper lid cannot be 
everted to bring the upper transition fold into view ; the lower transition fold 
springs forward in a thick fold, on which, as well as on the conjunctiva of the 
lower lid, may be seen gray membranes, or at least gray places. The cornea is 
still intact and the other eye is still well. 

The patient complains not only of burning, but of severe pain in the inflamed 
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eye. The gentlest touch upon the bluish red, tense lids causes exqu.site pain. 
The patient has a feeling of chilliness and his temperature is above normal. 
The preauricular lymphatic gland is swollen. An acute conjunctivitis that has 
reached such a height after an incubation period of only a few hours excites at 
once the suspicion that it has been produced by an infection with gonococci. The 
presence of these microorganisms is revealed by a microscopic examination of 
smears made from the conjunctival secretion, while the history and personal 
examination of the patient is apt to reveal the presence of a urethral gonorrhoea. 

Ordinarily this disease is communicated to the eye by the finger of the patient 
himself, but it may be carried by washcloths, handkerchiefs and the like — a 
monition that a person suffering from gonorrhcea should be very careful lest he 
infect his eyes in this manner. It is certainly amazing that this disease of the 
eye is not more frequently met with in such patients, because any itching of the 
eye gives rise to an impulse to rub or wipe it. Many cases have been described 
in which the infection was produced through a 61thy custom prevalent in some 
localities, that of bathing their eyes in urine as a sanative measure, but when the 
urine happens to contain gonococci the measure proves to be the opposite of 
sanative. 

Autoinfection is not the only way in which this disease is generated; many an 
eye has been infected from the gonorrhoea! secretion of the urethra of another 
person. 

Although gonorrhceal conjunctivitis is a very serious disease in an infant it 
is far more grave in an adult, because in the latter the cornea is endangered to a 
much higher degree. The disease in adults differs from the purulent ophthalmia 
of infants not only in its more tempestuous development, 
but in the more marked involvement of the conjunctiva 
bulbi, which forms an infiltrated and cbemotic, over- 
hanging wall about the periphery of the cornea, so that 
the infectious secretion stagnates behind it and erodes 
the corneal tissue. At the same time the great infSltra- 
tion of the conjunctiva compromises directly the access 
of nutriment to the cornea through the marginal net- 
work of vessels, so that the statement is justified that 
the fate of the cornea in this disease depends greatly on 
the condition of the conjunctiva. Because of this dan- 
ger the general practitioner is accustomed to turn over 
such patients at once to the care of the specialist. 

But he has a second task to perform. As a rule 
FIG. l6.-BuUer'B Shield, ^^jy ^^^ ^^^ j^ infected at first, and therefore measures 
must be taken immediately to guard the other eye 
and prevent its subsequent infection. This is accomplished by the application of 
a suitable protective dressing, which may be made in several ways. Some oph- 
thalmologists content themselves with a pad of cotton secured all arounfl by 
means of adhesive plaster or collodion (Fuch^, Knien). Others, like Paulaen, use 
gummed paper, which is moistened at the edges with chloroform to dissolve the 
gum and make it adhere. A method which is preferable to these is to build up 
the uneven margin of the orbit with cotton, cover the eye with a large watch 
crystal and lute the margins of the glass to the subjacent cotton with collodion.' 
Snellen has devised a leather cup with an aperture in its centre to contain a 

a the late Dr. 
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plain glass. Others use a transparent celluloid capsule. Such a dressing must 
absolutely exclude any possibility that the secretion from the diseased eye may 
enter the healthy one either during sleep, or when the head is held in any possible 
position. This dressing must be changed from time to time because otherwise the 
eye will become irritated, even without infection, as the result of faulty evapora- 
tion. The patient must put up with the inconvenience it occasions. After the 
general practitioner has applied such a protective dressing to the healthy eye and 
turned over the patient to the specialist he has done his duty. 

The treatment is conducted along the same lines as that of blennorrhoea neona- 
torum. This disease passes through the same stages as the other. After a few 
days the inflammation reaches its height, the thin fluid secretion becomes puru- 
lent and the pus wells constantly from the palpebral fissure. The tense swelling 
of the lids goes down, folds reappear on the skin, the tension of the conjunctiva 
bulbi relaxes and the conjunctiva palpebrarum exhibits in the transition folds 
an increasing proliferation of the papillae. In auspicious cases the secretion 
diminishes for some weeks until it finally ceases. The papillary thickening of 
the conjunctiva persists considerably longer and the entire course of the disease 
requires several weeks. 

During the first stage the secretion should be constantly removed by irriga- 
tions of the conjunctival sac with warm 0.85% salt solution to which gonococcus 
serum has been added. Other ophthalmologists employ such solutions as they 
prefer. In these irrigations I do not use the great quantities of fluid that many 
ophthalmologists allow to run over the eye. Beyond all question the conjunctiva 
and cornea must react to such treatment. All of the gonococci cannot be removed 
with the secretion and any injury to the epithelium must be avoided. It is par- 
ticularly necessary to wash away carefully the masses of secretion that lie beneath 
the chemotic conjunctiva and to do this without injury to the epithelium. 
As soon as the swelling of the infiltrated lids goes down and the conjunctiva 
looks folded and uneven on account of the hypertrophy of the papillae, a 1% 
solution of silver nitrate should be applied to the palpebral conjunctiva. This 
may be combined with the local application of the specific gonococcus serum. 
When corneal complications occur we are fairly powerless, the same as those who 
otherwise are accustomed to pride themselves on their therapy. Later the se- 
quelae of these complications, staphylomata and leucomata, may require operative 
treatment. 

We have still to consider what are the most frequent corneal complications, 
when we have to fear them and what is the prognosis of the disease. Sometimes 
the cornea becomes involved during the first stage, but usually not until the 
period of suppuration. As a rule the complication takes the form of an ulcer 
either at the margin, or in the central portion of the cornea, which goes on to 
perforation in both situations. But in very severe cases, in which the cornea 
receives insuflicient nourishment on account of the extreme chemosis, the entire 
cornea may simply disintegrate without ulceration. 

The prognosis of the gonorrhoeal conjunctivitis of adults is always to be con- 
sidered as very grave, but it is not easy to predict the final result because very 
serious cases may recover completely. As a rule the involvement of the conjunc- 
tiva bulbi furnishes some points to assist us. If this is from the first highly 
chemotic and infiltrated we must expect the worst. In such desperate cases we 
may scarify this conjunctiva with a knife in order to disburden it. But if the 
inflammation is confined more to the palpebral conjunctiva and the transition 
folds the prognosis is more favorable. Membranous deposits on the conjunctiva 
«xcite apprehension because the rigidity of the tissue is indicative of a virulent 
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infection. But the final result is uncertain ; the disease is extremely serious and 
we are unable to master it therapeutically. 

Metastatic Conjunctivitis Gonorrhoica^-^Fersons suffering from gonorrhoea 
sometimes develop another and benign form of conjunctivitis gonorrhoica which 
is produced by metastasis. It is well known that arthritic inflammations take 
place during the course of a urethral gonorrhoea and that other organs^ like the 
heart and lungs, likewise suffer in this way. In ophthalmology also we meet with 
endogenous gonococcal diseases, such as gonorrhoeal iritis and the form of gonor- 
rhoeal conjunctivitis now under consideration. Cases of this nature have long 
been known to dermatologists, have been described many times in ophthalmologi- 
cal literature and are occasionally met with. An acute conjunctivitis appears 
suddenly during the course of a urethral gonorrhoea, but the secretion contains 
no gonococci, or other germs. Sometimes it exhibits a certain rhythm, the con- 
junctivitis returns with each recurrence of the gonorrhoea. A characteristic 
feature of this form of metastatic inflammation is that the pathological redness is 
confined rather to the transition folds than to the palpebral conjunctiva. The 
disease is benign; the only treatment needed is bathing of the eye and rest 
in bed. 



15. Catarrh of Newly Born Infants not of Gonorrhoeal Origin and 
the Significance of the Gram Negative Diplococci of the Con- 
junctiva 

The worst need not always be anticipated when an infant has a purulent con- 
junctivitis, for modem research has established the important fact that gonococci 
are absent in many cases that present the clinical picture of blennorrhoea neona- 
torum. Gonococci were found in only 63 out of 92 cases examined by Kroner^ 
in 64 out of 103 by Wichnark^ in 14 out of 40 by Groenouw and in only 70 out 
of 165 by Morax, Hence, the occurrence in infants of such non-gonorrhoeal 
catarrhs is not so very rare. More important than these statistics is the question 
by what morbific agents these non-gonorrhoeal catarrhs are produced. 

The first group comprises all possible kinds. There have been found in 
cases that could not be differentiated clinically from true gonorrhoeal inflamma- 
tion of the eyes — 1, the pneumococcus by AxertfekU Gifford^ von Aminon and 
others ; 2, the staphylococcus pyogenes aureus ; 3, the Koch- Weehn'* bacillus by 
Morax and Gonin; 4, Fricdlcmder^ s pneumonia bacillus by von Arnrnon; 5. the 
bacterium coli by AxenJ'cld and Bictti ; 6, the diplobacillus of Morax- Axetifckl ; 
7, the streptococcus pyogenes ; 8, the influenza bacillus ; 9, the diphtheria bacillus. 
In this group may also be included the cases, that are by no means rare, in w^hich 
no bacteria were found, except the ever present xerosis bacillus, although the clini- 
cal pictures were typical of blennorrhoea. Probably this form of blennorrhoea with- 
out positive bacterial infection is due to a traumatism inflicted upon the lids and 
conjunctiva during parturition, which enables a parasite harmless in itself to 
excite a vigorous secretion. Premature and feeble children are prone to catarrhs 
of the eyes. Crcde^s instillation of silver nitrate occasionally excites irritation 
and a purulent secretion that lasts for several days. The cause of catarrhs with 
no characteristic findings must be explained in some such way. The pathogenic 
agents in this first group are so characteristic that the etiology may be easily 
and quickly determined. 

The whole subject is rendered more complex by the fact that in such inflam- 
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mations still other microorganisms are met witli on the conjunctiva of infants, 
which closely resemble gonococci and have been termed pseudogonococci. First 
among these is the micrococcus catarrhalis, which belongs to a group of Grcnn 
negative diplococci that resemble gonococci, and is met with frequently in the nasal 
cavity and in bronchitis. It differs from the gonococcus in often being somewhat 
larger and in appearing not to fill the cells so full when examined under the 
microscope. These characteristics are not distinctive, but, in contrast to the 
gonococcus, the micrococcus catarrhalis grows in all media and even below 20°. 
The cultures differentiate themselves in various ways from those of gonococci, 
and it is the most resistent of all in the group of Gram negative diplococci. 

The differentiation of the meningococcus intracellularis IVeichselhatim from 
the gonococcus is much more difficult. It is frequently larger, is not always so 
reniform and it grows somewhat more vigorously in blood serum ; but an agglu- 
tination experiment is necessary to make a differential diagnosis. A high value 
meningococcus serum agglutinates meningococci, but not gonococci. 

The diagnosis of a blennorrhcea neonatorum is no longer so simple as it used 
to be and the question arises : How shall the physician deal with such cases ? 
It is quite evident that such a differential diagnosis, for which cultural methods 
and laboratory contrivances are necessary, cannot be demanded from the general 
practitioner, although he should be instructed in the scientific position of ophthal- 
mology. The question should read : How can we to-day in practice make the 
diagnosis of blennorrhcea ? 

There are certain clinical differences between gonorrhoeal conjunctivitis and 
the catarrhs of non-gonorrhceal nature. As a rule gonorrhceal conjunctivitis 
lasts much longer and endangers the cornea much more than the other forms of 
inflammation, which frequently run a mild and rapid course. . But it is not per- 
missible in a scientifically conducted clinic to rely upon the course alone for an 
etiological diagnosis. The etiological diagnosis must be made as quickly as 
possible. The disease loses its terror as soon as the true cause is known not to be 
gonorrhceal. In all such cases the secretion must ba examined microscopically, 
especially after staining according to Gramas method. 

To interpret these slides correctly it is important to know to what extent and 
how frequently? as compared with gonococci, the other Gram negative diplobacilli 
occur in the eye. Meningococci are met with in the eye very rarely. They may Ix? 
found occasionally on the conjunctiva of even a healthy person during an epi- 
demic of meningitis. They were found for the first time on the conjunctiva of a 
man, who neither had meningitis nor had been in contact with a jjerson suffering 
from that disease, by Bruwt in A.vcnjeld'if clinic. But, so far as is now known, they 
play a very evanescent part in blennorrhcea and the catarrhs of newborn children. 
The conditions are somewhat different regarding the micrococcus catarrhalis, 
which is met with in the eye more frequently than has been thought. Thus far 
it has not been found in acute inflammations of the conjunctiva, but rather in' 
the sparse secretion of chronic conjunctivitis, together with xerosis bacilli, staphy- 
lococci and diplobacilli. Clinical cases of blennorrhcea in which diplococci 
resembling gonococci have been found have always been proved by culture to be 
gonococcal. This indicates that the micrococcus catarrhalis does not play an 
important part in blennorrhcea. Ahebdorf and Neumann have met with it only 
in postoperative conjunctivitis, but in this form of inflammation chemical irrita- 
tion is present and it is quite possible that the micrococcus catarrhalis prolifer- 
ates here as a saj)rophyte. It is also possible that it may occasionally cause a 
simple catarrh, but whether it is able to produce an infantile catarrh, which may 
be mistaken for blennorrhcea, is very doubtful ; at any rate it has not yet been 
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proven. The cultural test is final, as this germ is cultivated easily, while the 
gonococcus is not. 

In spite of the difficulties in the way of a differential diagnosis the Gram 
stain furnishes the practical diagnosis of gonorrhoea of the eye ,so long as the 
clinical picture of blenrunrhcea is present. Under certain circumstances this may 
be of medico-legal importance. It would certainly be well if the aid of cultures 
could be obtained in all such cases, but cultures easily miscarry for many reasons, 
while the slide does not miscarry and important decisions may depend upon it. 
Masses of intracellular, Gram negative diplococci associated with the clinical 
picture of blennorrhoea are in all probability gonococci, but when associated with 
mild catarrh, they are more likely to be micrococci catarrhales. Of course in 
such mild catarrhs it is possible that they are gonococci of slight virulence ; in 
such cases the differentiation must be made by culture. There is not the slightest 
support for the idea that the Gram negative diplococci met with on the conjunc- 
tiva may have come from gonococci that had become avirulent, or for the idea 
that gonococci may occasionally develop from other Gram negative diplococci ; 
these microorganisms are of different species. 

There are certain clinical signs that indicate the non-gonorrhceal nature of 
this disease in spite of its resemblance to blennorrhoea ; it frequently commences 
later, perhaps between the sixth and twelfth days, the eyes are not affected so 
simultaneously, the swelling of the lids and the quantity of secretion are not so 
marked; but such differences as these are insufficient for diagnosis in all cases. 
An occlusion of the orifice of the naso-lacrymal duct may also cause the develop- 
ment of a purulent conjunctivitis in an infant. The lacrymal fluid, which 
accumulates in the lacrymal sac in such a case, decomposes after a little while and 
gives rise to a purulent secretion ; therefore the possibility of the existence of such 
a condition must be considered in every case of infantile catarrh, particularly 
after the suspicion of a gonococcal infection has been allayed. Either one or 
both ducts may be occluded. In such cases it does not escape the careful observer 
that the palpebral conjunctiva is only moderately injected and that the bulbar 
conjunctiva shows little or no injection. In order to determine whether such a 
congenital stenosis of the lacrymal duct is present or not, the secretion is washed 
out of the conjunctival sac and pressure is made on the lacrymal sac. If a quan- 
tity of pus issues then from the punctum, the diagnosis of a closure of the lacry- 
mal passage is positive. Usually the only treatment necessary is to teach the 
parents to massage the lacrymal sac and to press out its contents several times a 
day; the passage is opened spontaneously in a short time and the purulent 
catarrh then disappears. The introduction* of probes may prove necessary in 
obstinate cases. 

The treatment of other cases, in which the microscopical examination has 
proved the absence of gonococci, consists simply of irrigations of the conjunctiva 
performed regularly to prevent stasis of the pus ; when the secretion does not 
diminish rapidly the solution of silver nitrate may be applied. The prognosis 
of all non-gonorrhoeal infantile catarrhs of the eye is very good. 

16. Vernal Catarrh 

With the advent of spring patients with this disease begin to suffer in a pecul- 
iar manner. In February, or more often in March or April, they commence to 
complain that their eyes are very sensitive to light, heat, wind and weather, 
and, as the sun^s heat becomes greater, they have a peculiar itching of the eyes. 
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which alternates from time to time with a feeling like that produced by a foreign 
body, or with stinging pains and great pressure. The secretion of the eyes 
gradually increases until the ordinary picture of a catarrh is presented. These 
troubles persist into the summer, are less marked during cool and wet days and 
weeks, and usually pass away as summer- draws to an end, the cooler months come 
and the sun loses its power. 

In both eyes peculiar prominences of the bulbar conjunctiva can be seen in the 
region of the palpebral fissure, sometimes extending about its periphery, that have 
a yellowish gray gelatinous appearance and can be recognized to be individual 
formations. At the margin of the cornea these proliferations present a steep 
declivity, although they slope away gradually on the other side until they blend 
with the conjunctiva bulbi. Their surfaces are dull in places, which resemble 
spots of xerosis ; but toward the cornea they become more transparent, and show 
no signs of dryness. Single broad and tortuous vessels may be seen about these 
elevations. 

Another marked symptom is a peculiar appearance of the eye as a whole, 
which can be readily recognized after it has once been seen. The upper lid 
droops so as to give the eye a dull, cloudy appearance, while the conjunctiva 
assumes a peculiar discoloration ; the color is changed from bright red to a smoky 
pale red inclining to violet, it may be said to look as if it had had milk poured 
over it. This discoloration is particularly marked in the palpebral conjunctiva, 
which exhibits characteristic lesions, while the transition folds remain normal. 

The conjunctiva of the lower lid appears to be simply thickened, but that of 
the upper lid presents roundish, flattened prominences which may be very numer- 
ous and packed closely together, so as to make the surface look as if covered with 
paving stones, or may be found singly. These elevations cease at the margin 
of the tarsus, and are altogether absent in the transition fold, a point of impor- 
tance in the differential diagnosis. 

The secretion of the conjunctiva, which is free only at times, is also very 
peculiar. It may be found only in the transition folds in the form of long 
threads that can be removed with forceps. Sometimes it can be detected only 
after prolonged irrigation when many such threads come into view. 

This is the characteristic picture of vernal catarrh, a name that is suitable only 
in so far as it is indicative of the recurrence of the symptoms at a certain season 
of the year, for even in the cold months, when the symptoms are in abeyance, the 
alterations in the conjunctiva remain unchanged. 

The association of the changes at the limbus with changes in the palpebral 
conjunctiva is met with in only one group of these cases, the mixed form of ver- 
nal catarrh. The proliferations may occur in the marginal portion of the limbus 
alone while the palpebral conjunctiva remains uninvolved, the bulbar Jbrm. In 
still other cases the palpebral conjunctiva may be the only part involved and 
exhibit the characteristic milky cloudiness and paving stone appearance ; this 
form is termed the palpebral. The mixed form is the more common. The dis- 
ease is rare on the whole, though met with rather frequently in certain localities. 

Vernal catarrh attacks males more commonly than females, usually appears 
during youth, produces its symptoms with great regularity for many years and 
then gradually passes away. Cases have been known to last for twenty years. 
The disease may also appear during middle life. The alterations in the conjunc- 
tiva are the same in winter as in summer, the symptoms alone are far less pro- 
nounced. As the disease dies out, after the lapse of a varying number of years, 
these alterations at the limbus and in the tarsal conjunctiva gradually undergo 
involution until only a slight thickening is left at the limbus, but in many cases 
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a peculiar corneal opacity that closely resembles the arcus senilis remains. li 
runs parallel to the margin of the cornea in the form of a narrow band, leaving, 
just as in arcus senilis, a narrow, transparent zone between it and the limbus. 
This opacity may form a complete ring, when the proliferations formerly sur- 
rounded the entire cornea, or it may form only a sector of a circle. A certain 
discoloration and thickening of the mucous membrane persists after the prolifera- 
tions on the tarsal conjunctiva have undergone involution and for a long time 
the eyes continue to have a peculiar, sleepy appearance. These symptoms, when 
taken together, suffice to show that a patient has suffered from vernal catarrh. 

The prognosis is good, except for the long duration of the disease. Corneal 
complications occur only in the rarest cases. Occasionally the proliferations at 
the limbus involve the cornea and result in a pale, gelatinous layer on its surface. 

Deviations from the normal course are also met with occasionally. Papillary 
elevations have been observed instead of the ordinary proliferations at the limbus. 
The regular intermission during winter may be omitted, or the disease may be 
at its height during the cold months. Sometimes a peculiar brown discoloration 
has been observed on the conjunctiva bulbi. Even when the disease is completely 
extinct, a peculiar, vascular, glassy layer can be detected on the conjunctiva by 
means of Zeiss'^ loupe, and very minute thickenings persist also in the cornea at 
the limbus. 

Under the microscope the proliferations in the conjunctiva tarsi are seen to 
consist of the proliferated stroma of the conjunctiva. The milky discoloration of 
the mucous membrane is due to a thickening of the epithelium, and especially to 
a peculiar sclerosis of the proliferated subepithelial connective tissue. There are 
also vascular changes in the small arterioles at the bases of the papillae. The 
proliferation of the connective tissue seems to be primary and more important 
than that of the epithelium in vernal catarrh. All the elements of the conjunc- 
tival tissue, the supporting tissue and the vessels, proliferate. The lymph cells 
generate no lymph follicles, but many plasma cells. The proliferations at the 
limbus are likewise of connective tissue. 

No definite cause can be assigned to this disease. No specific agent has yet 
been detected, and still we feel compelled to think that a change takes place 
throughout the entire organism. These patients have a peculiar pale appearance, 
although no marked deviation from the normal has yet been found in the amount 
of haemoglobin in the blood. It may be that further investigation will reveal 
new conditions. Recently it has been claimed that vernal catarrh is a ** light 
disease." and may be caused by the action of the ultraviolet rays. Kreifnch has 
pointed out the relationship of vernal catarrh to the sunlight dermatoses, summer 
prurigo and erythema solare, but these dermatoses are met with only exceptionally 
in the spring. Vernal catarrh is not cured by the withdrawal of ultraviolet 
light, so whether it is a "light disease'' or not is as vet uncertain. Under cer- 
tain unknown conditions of predisposition light may be said to be an active factor 
in its production. It has certainly l)een observed that the symptoms abate some- 
what when light is excluded from the eyes, so glasses may be ordered that will 
absorb to a great extent the ultraviolet rays. It is not certain that a therapeutic 
effect is obtained in this way because both mild and obstinate cases are met with, 
and patients recover readily in the mountains and in winter, where the chemically 
acting rays of light are still active. 

The palpebral form of this disease must be differentiated from trachoma, 
which does not attack as young people, as a rule. In vernal catarrh the changes in 
the conjunctiva do not invade the transition folds, while in trachoma these folds 
are the site of the principal changes. The ** paving stones'" in vernal catarrh 
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diSFer altogether in appearance, form and consistence from the granules and 
papillae of trachoma. The peculiar livid discoloration of the conjunctiva char- 
acteristic of vernal catarrh is never seen in trachoma, so when this is present and 
associated with proliferations at the limbus trachoma is at once excluded. Her- 
bert first called attention to the fact that the secretion in vernal catarrh as a rule 
contains very many eosinophile cells, while such cells are by no means so fre- 
quent in that of trachoma. 

The bulbar form of vernal catarrh may need to be differentiated from eczema- 
tous efflorescences, or phlyctenules, at the limbus. Phlyctenules develop rapidly 
and eyes thus affected usually present other corneal diseases associated with 
scrofulosis; they ulcerate quickly and become resorbed, while in vernal catarrh 
the proliferation at the limbus forms a firm mass which never breaks down. In 
rare cases a tuberculoma at the limbus may present the picture of an atypical 
vernal catarrh, when the microscopic examination of an excised portion of the 
tissue may be necessary to clear up the diagnosis. 

Although the prognosis of this disease is good our therapy is impotent to 
control it ; we can only try to alleviate the symptoms. On the theory that the 
ultraviolet rays form an important factor in the production of the phptophobia 
protective spectacles may be worn, made from such glasses as Hallauer^s^ or the 
euphos glass recommended hy Schnnz and Stockhausen, When anaemia is present 
suitable treatment with iron and arsenic is to be strongly recommended. 

When the secretion happens to be considerable the conjunctival sac should be 
irrigated regularly with a solution of boric acid, or a weak solution of potassium 
permanganate. The patients, or their relatives, learn very easily how to perform 
these irrigations. The removal of the secretion causes the immediate disappear- 
ance of the feeling of pressure and of the presence of a foreign body. Occasion- 
ally an application of the solution of silver nitrate may be necessary, but as a 
rule all irritant applications are to be avoided. 

Solutions of cocain to which adrenalin has been added, weak dilutions of acetic 
acid (1 drop of dilute acetic acid in 10 or 20 grams of water), and a 1% vsolution 
of ichthyol, have been recommended to relieve the constant burning and itching. 
Solutions of bichloride of mercury, 1 : 1000 to 5000, yellow mercuric oxide oint- 
ment, ichthyol ointment, white precipitate ointment and xeroform are among the 
remedies that may be tried by turn during the long course of this disease, but it 
is doubtful if any of them produce any notable result. In many cases it becomes 
necessary to excise the great proliferations at the limbus, but this does not pre- 
vent recurrence. W^hen the proliferations on the upj^er lid are excessfve, they 
may be excised together with a strip of the tarsus. 



17. Pterygium and Pinguecula 

Sometimes a triangular membrane is to be seen on the surface of the eye 
exposed by the opening of the palpebral fissure, extending horizontally from the 
conjunctiva bulbi over the cornea, to which it is firmly attached. Its apex is 
rounded and directed toward the centre of the cornea, its base is lost in the con- 
junctiva bulbi near the equator of the eyeball, and in it run numerous bright 
red vessels that are distinctly visible. The veining of this membrane gives it a 
certain resemblance to the wing of an insect, whence it has derived its name of fly 
wing, or pterygium. 

A pterygium is a fold of conjunctiva that has grown over upon the cornea. 
This can be shown in the cocainized eye by passing a prol)e beneath it near the 



80 COURSE AND PROGNOSIS OF VERNAL CATARRH 

a peculiar corneal opacity that closely resembles the arcus senilis remains. It 
runs parallel to the margin of the cornea in the form of a narrow band, leaving, 
just as in arcus senilis, a narrow, transparent zone between it and the limbus. 
This opacity may form a complete ring, when the proliferations formerly sur- 
rounded the entire cornea, or it may form only a sector of a circle. A certain 
discoloration and thickening of the mucous membrane persists after the prolifera- 
tions on the tarsal conjunctiva have undergone involution and for a long time 
the eyes continue to have a peculiar, sleepy appearance. These symptoms, when 
taken together, suffice to show that a patient has suffered from vernal catarrh. 

The prognosis is good, except for the long duration of the disease. Corneal 
complications occur only in the rarest case3. Occasionally the proliferations at 
the limbus involve the cornea and result in a pale, gelatinous layer on its surface. 

Deviations from the normal course are also met with occasionally. Papillary 
elevations have been observed instead of the ordinary proliferations at the limbus. 
The regular intermission during winter may be omitted, or the disease may be 
at its height during the cold months. Sometimes a peculiar brown discoloration 
has been observed on the conjunctiva bulbi. Even when the disease is completely 
extinct, a peculiar, vascular, glassy layer can be detected on the conjunctiva by 
means of Zem' loupe, and very minute thickenings persist also in the cornea at 
the limbus. 

Under the microscope the proliferations in the conjunctiva tarsi are seen to 
consist of the proliferated stroma of the conjunctiva. The milky discoloration of 
the mucous membrane is due to a thickening of the epithelium, and especially to 
a peculiar sclerosis of the proliferated subepithelial connective tissue. There are 
also vascular changes in the small arterioles at the bases of the papillae. The 
proliferation of the connective tissue seems to be primary and more important 
than that of the epithelium in vernal catarrh. All the elements of the conjunc- 
tival tissue, the sup{X)rting tissue and the vessels, proliferate. The lymph cells 
generate no lymph follicles, but many plasma cells. The proliferations at the 
limbus are likewise of connective tissue. 

No definite cause can be assigned to this disease. No specific agent has yet 
been detected, and still we feel compelled to think that a change takes place 
throughout the entire organism. These patients have a peculiar pale apjxjarance, 
although no marked deviation from the normal has yet been found in the amount 
of haemoglobin in the blood. It may be that further investigation will reveal 
new conditions. Recently it has been claimed that vernal catarrh is a 'Might 
disease." and may be caused by the action of the ultraviolet rays. Krdhich has 
jx)inted out the relationship of vernal catarrh to the sunlight dermatoses, summer 
prurigo and erythema solare, but these dermatoses are met with only exceptionally 
in the spring. Vernal catarrh is not cured by the withdrawal of ultraviolet 
light, so whether it is a "light disease'' or not is as vet uncertain. Under cer- 
tain unknown conditions of prt»disposition light may be said to be an active factor 
in its production. It has certainly been observed that the symptoms abate some- 
what when light is excluded from the eyes, so glasses may be ordered that will 
absorb to a great extent the ultraviolet rays. It is not certain that a therapeutic 
effect is obtained in this way because both mild and obstinate cases are met with, 
and patients recover readily in the mountains and in winter, where the chemically 
acting rays of light are still active. 

The palpebral form of this disease must be differentiated from trachoma, 
which does not attack as young people, as a rule. In vernal catarrh the changes in 
the conjunctiva do not invade the transition folds, while in trachoma these folds 
are the site of the principal changes. The "paving stones''* in vernal catarrh 
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differ altogether in appearance, form and consistence from the granules and 
papillae of trachoma. The peculiar livid discoloration of the conjunctiva char- 
acteristic of vernal catarrh is never seen in trachoma, so when this is present and 
associated with proliferations at the limbus trachoma is at once excluded. Her- 
bert first called attention to the fact that the secretion in vernal catarrh as a rule 
contains very many eosinophile cells, while such cells are by no means so fre- 
quent in that of trachoma. 

The bulbar form of vernal catarrh may need to be differentiated from eczema- 
tous efflorescences, or phlyctenules, at the limbus. Phlyctenules develop rapidly 
and eyes thus affected usually present other corneal diseases associated with 
scrofulosis; they ulcerate quickly and become resorbed, while in vernal catarrh 
the proliferation at the limbus forms a firm mass which never breaks down. In 
rare cases a tuberculoma at the limbus may present the picture of an atypical 
vernal catarrh, when the microscopic examination of an excised portion of the 
tissue may be necessary to clear up the diagnosis. 

Although the prognosis of this disease is good our therapy is impotent to 
control it ; we can only try to alleviate the symptoms. On the theory that the 
ultraviolet rays form an important factor in the production of the phptophobia 
protective spectacles may be worn, made from such glasses as Hallauer''s^ or the 
euphos glass recommended by Schanz and Stockhau,sen. When anaemia is present 
suitable treatment with iron and arsenic is to be strongly recommended. 

When the secretion happens to be considerable the conjunctival sac should be 
irrigated regularly with a solution of boric acid, or a weak solution of potassium 
permanganate. The patients, or their relatives, learn very easily how to perform 
these irrigations. The removal of" the secretion causes the immediate disappear- 
ance of the feeling of pressure and of the presence of a foreign body. Occasion- 
ally an application of the solution of silver nitrate may be necessary, but as a 
rule all irritant applications are to be avoided. 

Solutions of cocain to which adrenalin has been added, weak dilutions of acetic 
acid (1 drop of dilute acetic acid in 10 or 20 grams of water), and a 1% solution 
of ichthyol, have been recommended to relieve the constant burning and itching. 
Solutions of bichloride of mercury, 1 : 1000 to 5000, yellow mercuric oxide oint- 
ment, ichthyol ointment, white precipitate ointment and xeroform are among the 
remedies that may be tried by turn during the long course of this disease, but it 
is doubtful if any of them produce any notable result. In many cases it becomes 
necessary to excise the great proliferations at the limbus, but this does not pre- 
vent recurrence. When the proliferations on the upper lid are excessive, they 
may be excised together with a strip of the tarsus. 



17. Pterygium and Pinguecula 

Sometimes a triangular membrane is to be seen on the surface of the eye 
exposed by the opening of the palpebral fissure, extending horizontally from the 
conjunctiva bulbi over the cornea, to which it is firmly attached. Its apex is 
rounded and directed toward the centre of the cornea, its base is lost in the con- 
junctiva bulbi near the equator of the eyeball, and in it run numerous bright 
red vessels that are distinctly visible. The veining of this membrane gives it a 
certain resemblance to the wing of an insect, whence it has derived its name of fly 
wing, or pterygium. 

A pterygium is a fold of conjunctiva that has grown over upon the cornea. 
This can be shown in the cocainized eye by passing a probe beneath it near the 
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limbus, from both above and below, into a blind cul de sac. It is also evident 
from some fine grooves on its otherwise smooth surface. The upper and lower 
cul de sacs end at the margin of the cornea where the pterygium is firmly adher- 
ent. Toward the equator the pterygium gradually blends with the surrounding 
tissue ; frequently it extends into and involves the plica semilunaris. 

The portion of the pterygium that lies on the cornea is called its head, that 
lying in the conjunctiva its body and the intermediate portion its neck. It 
develops slowly until its progress comes to a standstill, and it is important to be 
able to determine in any given case whether the condition is progressive or 
stationary. 

As long as a pterygium has a tendency to grow the head presents a gray 
border, which is without vessels and looks peculiarly voluminous and gelatinous, 
but when the process has been arrested this border becomes thinner and assumes 
an aponeurotic appearance. As long as advancement continues the entire body 
of the pterygium is large and hyperaemic, but when this has ceased, the vessels 
retrogress, the body becomes thinner and appears more tendinous. The usual site 
of a pterygium is on the nasal side of the cornea, they are met with less often on 
the temporal side, and sometimes two pterygia appear at the same time in one 
eye. In rare cases four pterygia have been observed in one and the same person. 
It occurs in men twice as often as in women and is usually met with in persons 
over forty years of age. 

It may be mentioned that in rare cases cysts of various sizes have been met 
with in the head, or neck, of a pterygium. These are retention cysts, are filled 
with a clear fluid, and originate from little glands and epithelial depressions. 
Perhaps they may also originate from dilated lymph vessels. 

The troubles induced by a pterygium are varied. As soon as the apex 
reaches the pupillary region vision is interfered with to a degree which increases 
as the centre of the cornea is approached. By its presence it irritates the eye and 
causes catarrhal trouble. When it is so large as to involve the plica semilunaris 
the lacus lacrimalis is interfered with and epiphora is produced. Motor disturb- 
ances and diplopia may result when the conjunctiva is so tense that the opposite 
muscle is unable to overcome its resistance. Add to these troubles the cosmetic 
effect produced by a progressive, vascular pterygium, and the desire of the patient 
to have it removed can be readily appreciated. 

In order to understand the development of a pterygium it is necessary to study 
another condition in which a peculiar change takes place in the conjunctiva bulbi 
close to the cornea in the palpebral fissure. 

A round, oval, or triangular elevation, of a grayish yellow color and with a 
somewhat dull surface, is formed at this place. About it run some rather . 
hyperaemic conjunctival vessels. The conjunctiva is thickened and not rarely 
extends over the margin of the cornea. This is called a pinguecula. It is of 
interest for various reasons, chiefly because from it the pterygium develops. 

A Pinguecula appears at first on macroscopical examination to be a spot, but 
with a loupe it can be seen to be composed of a number of spots. Like pterygium 
it is met with more frequently on the nasal side of the cornea than on the tem- 
poral, but it may be found on both sides and in both eyes. It is always situated 
in the horizontal diameter of the zone of the palpebral fissure near the margin of 
the cornea. It is met with very frequently, especially in people over forty years 
of age. Occasionally a subconjunctival hemorrhage from other causes near the 
margin of the cornea will bring into view, by contrast, the primary stage of a 
Pinguecula that had not been seen before. It is met with more often in men 
than in women and does not appear to be capable of involution. 
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The name pinguecula is a misnomer. The microscopical examination of its 
tissue shows that it is caused not by a fatty, but by another form of degeneration. 
The conjunctiva is thickened, its epithelium appears to be essentially normal, 
though in rare instances proliferative processes have been found in it, while the 
connective and subconjunctival tissues are, on the contrary, much changed. The 
connective tissue fibres are thickened and have undergone hyalin degeneration, 
in which the elastic fibres of the submucosa are also involved, according to Hueb- 
ner. Free hyalin is also present. The thickened connective tissue fibres curl 
together in a peculiar manner. Its yellow color is due partly to the degenerated 
elastic fibres, partly to the free hyalin. 

The peculiar localization of this degeneration of the conjunctiva indicates its 
origin. The zone of the palpebral fissure is the most uncovered and unprotected 
portion of the conjunctiva, where external causes of irritation, such as atmospheric 
influences, can act most energetically ; hence pinguecula is met with most fre- 
quently among people who are much exposed to such influences, like coachmen 
and farmers. Evidently there is an individual susceptibility to this condition, as 
otherwise it would be seen with much greater frequency. It is not uncommon to 
see it in one eye alone. Senile degeneration cannot be said to predispose to this 
condition and apparently the causes of irritation must act for a long time to pro- 
duce this hyalin degeneration, as it occurs mainly in persons over forty years of 
age, but Pinguecula is sometimes met with in young people, and its essential 
nature is still unsettled. But one thing is certain ; this degeneration of the con- 
junctiva does not always remain stationary, it has a causal connection with 
pterygium. 

Fuchs says that pterygium is a proliferation of pinguecula over the cornea. 
It is certainly not a simple proliferation and encroachment of the conjunctiva, 
for a Pinguecula gradually disappears when it is replaced by a pterygium. The 
anatomical examination reveals bits of tissue that originate in a pinguecula only 
in certain early stages of pterygium, in all the later stages it is composed of the 
tissues of the conjunctiva bulbi ; the epithelial coat, the goblet cells and the stroma 
are the same as those of the conjunctiva. Wherever the pterygium becomes 
adherent to the cornea Bowman's membrane is destroyed ; the anterior margin of 
the pterygium itself penetrates between the superficial layers of the cornea. How 
the transition of the pinguecula to the cornea takes place is still unknown, but 
corneal ulceration at tiie head of a pterygium, such as was formerly believed to 
exist, is never found. The etiologic connection between pinguecula and the 
pterygium that develops from it, which is called a true pterygium, explains why 
the latter always grows in the zone of the palpebral fissure. It occupies almost 
invariably a horizontal position, and even when its position is oblique it always 
lies in this zone with its head beneath the horizontal meridian of the cornea. 

Tlie Pseiidopterygium 

The adIqBsion of a fold of conjunctiva to the cornea may result from injuries, 
bums and ulcerations. When an area on the surface of the cornea has been 
eroded, ajs by a lime bum, or an ulcer, it may happen that a fold of chemotic 
conjunctiva comes to lie upon it and the inflammation present will then cause the 
two surfaces^o adhere. The condition thus produced is known as a false, pseudo-, 
or cicatricial pterygium. In practice they are met with principally after lime 
bums, but sometimes a chemotic fold of conjunctiva becomes attached in this way 
to an ulcer of the cornea in the course of a blennorrhcea, or some other inflam- 
mation. 
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As the defects produced by burns and ulcers are not confined to any particu- 
lar part of the surface of the cornea it follows that pseudopterygia occur in all 
parts of that surface, while true pterygia are met with only in the area of the 
palpebral fissure. Naturally the form of the pseudopterygium is not as regular 
as that of the true ; it is also apt to be surrounded by extensive leucomata of the 
cornea, while with a true pterygium, although the gray margin of the head is 
present, the rest of the cornea remains perfectly clear. 

In burns a great part of the conjunctiva is often destroyed, or at least 
very badly injured, so an adhesion between the anterior and posterior walls 
of the conjunctival sac, a symblepharon, is frequently formed simultaneously with 
a j^seudopterygium. The pseudopterygium is not progressive, because its extent 
is defined from the first by the destroyed portion of the corneal surface. Finally 
in many cases a probe can be passed beneath a cicatricial pterygium and the fold 
be lifted up, a feat that cannot be performed upon a true pterj'gium. 

Oj)erative removal of a pterygium. After the eye has been cocainized the 
neck of the pterygium is seized and lifted up with fixation forceps, then tlie head 
is carefully dissected off the cornea with a keratome, or Graefe knife. The most 
im[)ortant part of the oj^eration is to remove as thoroughly as possible all abnor- 
mal tissue, especially tlie gelatinous margin. Two convergent incisions are then 
made into the body of the pterygium from its upper and lower margins, thus 
removing a rhomboidal piece of the growth. The gaping wound in the conjunc- 
tiva bulbi is closed with two sutures after the conjunctiva on each side has been 
freed somewhat from the episcleral tissue with scissors. The surface of the wound 
on the cornea is left alone, unless the removal of the growth with the knife has 
l>een incomplete, or a recurrence is feared, when it may be cauterized. This 
surface heals quickly leaving a cicatrix. Even when this operation, devised by 
ArU^ is performed with great care it is always possible for a recurrence to take 
place after a time. An ointment should be applied to the eye for a few days and 
tlie sutures should be removed at the end of three or four days. 

18. A Conjunctivitis from Caterpillar Hairs 

A gentleman is walking in a wood when he is struck in the eye by a cater- 
pillar; a lively conjunctivitis soon develops which presents unusual and typical 
features. It is a well-known fact that caterpillar hairs can produce wheals and 
burning exantliemata in tlie skin, but the reaction produced by them in the eye is 
extremely severe. The lids become considerably swollen, the conjunctiva becomes 
reddeneil and yields an abundant mucopurulent secretion. Thus far the picture 
is simply that of an acute conjunctivitis; the characteristic peculiarity is the pres- 
ence of some grayish nxl, or yellow nodules, about as large as millet seeds, in the 
conjunctiva bulbi, usually in its lower |>iu*t. From these nodules Scemisch named 
this form of conjunctivitis ophthalmia noilosa. Elach nodule contains a fine 
caterpillar hair, which may sometimes be seen with the aid of Zelxs^ loupe. When 
the piitients come under olxservation sufficiently e»irly the prognosis is good. 

The conjunctival sac is to Ix* thoroughly cleansed in order that no other 
caterpillar hairs nuiy lx> left; if n hair can be seen to be protruding from a 
nodule it may Ix^ withdrawn, otherwise each notlule is to be excised. 

Anatomical examination shows that these notles resemble tubercular nodules; 
beneath the thickeiUHl epithelium is found an inflammatory infiltration of the 
connwtin* tissue, jvirticulrtrly aUuit the vesst^ls, in which the lymphoid and giant 
cells tvre hea|KHl \\\\ but instead of tuU*n*le Ivicilli each contains a caterpillar hair. 
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The nodes are surrounded by a cellular layer of epitheloid character. Hie clini* 
cal picture of ophthalmia nodosa is differentiated from that of tuberculosis of the 
conjunctiva by the facts that the former appears by preference in the conjunctiva 
bulbi, while the latter are usually situated in the conjunctiva tarsi, and that the 
inflammation engendered by caterpillar hairs never leads to ulceration and 
necrosis. 

The fine caterpillar hairs penetrate the mucous membrane very easily. The 
procession caterpillar, a species of the Bombyces, is the most common cause of 
this disease in Europe, but other species that have prickly hairs have been known 
to produce it. Schnudt-Rimpltr and Marktis have described cases in which the 
inflammation had been produced by the hairs of plants. When the inflammation 
is neglected, or is not recognized in time, the prognosis is not so good. The hairs 
may pass into the cornea and sclera, or even through these membranes into the 
iris and chorioid, where they set up very grave diseases, likewise associated with the 
formation of nodules. In the conjunctiva itself the nodules may spontaneously 
undergo involution and disappear; some observers have assumed that the hairs 
had been extruded in such cases, others, for example Stargardt^ have seen a dis- 
solution and resorption of the same under the microscope. 

19. Reflections Concerning Differential Diagnosis Suggested by 
Chemosis and Ecchymosis of the Conjunctiva 

Exudations of serum and of blood beneath the conjunctiva are met with fre- 
quently. The exudation of serum beneath the conjunctiva bulbi and the transi- 
tion folds is called chemosis; the palpebral conjunctiva is not elevated in like 
manner because it is firmly attached to the tarsus. The exudation of blood be- 
neath the conjunctiva is termed ecchymosis, or hemorrhage. As both conditions 
are met with in a great variety of diseases and are of some diagnostic value it 
may be well to study them with reference to the groups of cases in which they 
occur. 

I. Description of Chemosis 

In a case of commencing panophthalmitis the conjunctiva bulbi is raised up 
until it partly overhangs the cornea. An oedematous fold of conjunctiva may be 
pinched between the lids. The serous transudate shines through the conjunctiva 
and is sometimes of a yellowish color, at other times not so yellow, but clear and 
watery. 

When the conjunctiva bulbi is seen to be thus lifted from its bed by serous 
or aqueous fluid, the first thought is naturally whether such an accumulation of 
fluid has not been produced by an escape of the aqueous into the subconjunctival 
space through an opening into the anterior chamber, but such an opening, covered 
only by the conjunctiva, is met with only after accidents or operations. Some- 
times a little transparent elevation of the conjunctiva near the cicatrix can be 
seen after an operation for the removal of cataract, a condition that is known as 
a cystoid cicatrix. Such a condition is brought about when a bit of iris is 
caught between the lips of the wound and prevents a firm union. 

This peculiar form of oedema, or chemosis, has been given the name of filtra- 
tion oedema of the conjunctiva. When it has once been seen the cystoid cicatrix 
will not be mistaken for any of the other forms of chemosis ; it forms a local 
elevation of the conjunctiva confined to a small area, while in all other forms of 
chemosis the elevation of the membrane is more diffuse. If, in any given case, 
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this form can be immediately excluded by the history and a single glance, there 
will remain only three principal causes of cheniosis to be considered. 

Group I. Chemosis in Acute Inflammations 

m 

The exudation of serum beneath the conjunctiva occurs 1, in acute inflamma- 
tory hypersemias ; 2, in cases of obstruction to the outflow of blood and lymph 
from the conjunctiva ; S, in certain changes in the composition of the blood. 
Chemosis of the conjunctiva is one of the most frequent symptoms of acute 
inflammation of the eye and when in any particular case the cause has been 
determined to be an acute inflammation its seat remains to be found. 

1. The inflammation may be seated in the conjunctiva itself, in which case 
even a trifling inflammation may cause a slight oedema. This oedema is one of 
the cardinal symptoms of an acute conjunctivitis. It is met with in severe cases 
induced by the pneumococcus and the KochnWeeks bacillus and still more mark- 
edly in conjunctivitis gonorrhoica and crouposa. Hence the first thing to deter- 
mine is whether the chemosis is due to some form of acute conjunctivitis. 

2. If the cause is not to be found in the conjunctiva it is to be sought for 
next in the interior of the eye, for acute purulent inflammations, particularly of 
the uveal tract and vitreous, as well as the panophthalmitis from infected per- 
forating wounds, are associated with great chemosis. In these cases the sub- 
stances that excite inflammation press along the vessels in Tenon'' s space and pro- 
duce the oedema. 

Frequently a severe purulent inflammation of the cornea excites chemosis, as 
in grave cases of ulcus serpens. 

Very similar conditions are produced when the pyogenic agents enter the eye 
not through a perforating wound, but by way of the blood, as in the metastatic 
ophthalmia of sepsis and puerperal pyaemia. 

An intraocular process not of bacterial origin can also produce chemosis, as 
in acute inflammatory glaucoma, in which it is caused by the inflammation and 
stasis. It behooves one to think quickly in the presence of a chemosis. 

3. Inflammation of the tissues about the eye may also excite chemosis. A 
simple hordeolum near the outer canthus may extend its inflammatory action so 
far that the entire temporal portion of the conjunctiva may be chemotic. A 
phlegmon of the lacrymal sac may produce a similar condition, and in facial 
erysipelas not only the lids, but the conjunctiva as well, are oedematous. A 
periostitis of the margin of the orbit, and still more an orbital phlegmon, may be 
the cause of a high degree of chemosis, and occasionally its origin is to be found 
in the cranial cavity. The presence of a chemosis of the conjunctiva in cerebro- 
spinal meningitis was first observed by v. Leyden ; it happens rarely, but it may be 
of service to the physician to take into account both the pupils and the conjunc- 
tiva when he tries to make an early diagnosis of meningitis, a diagnosis that is 
not always to be made easily. In such cases we must suppose that the inflamma- 
tory products pass through the orbit and are deposited beneath the conjunctiva. 

Group II. Cliemosis from Stasis of Blood and Lymph 

As compared with the numerous cases in which chemosis is caused by an acute 
inflammatory process those in which it results purely from stasis are few, but the 
possibility of their occurrence must be taken into account. 

Sometimes when a large retrobulbar tumor presses heavily upon the eyeball a 
chemosis is caused by the interference with the outflow of blood from the orbit. 
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Occasionally a chemosis is met with in old people who have been exposed 
for some time to the weather, as after a storm : this may be considered to be a 
disturbance of the lymph circulation. I have seen an old sailon who had other- 
wise perfectly healthy eyes, develop such a chemosis of the lower transition fold 
during storms. Spicer described a chemosis that lasted for months and was 
ascribed to an obstruction in the efferent lymph channels. 

To this group, which is for the most pisot caused by lymph stasis, is to lie 
added the chemosis brought about in the eye for therapeutical purposes in 
attempts to clear up opacities of the cornea. The transudate that is produced by 
the inflammatory effect of the irritant becomes stasic and remains in the eye for a 
longer or shorter period. If a 2 to 5^ solution of dionin is instilled into the eye 
of a patient with an opacity of the cornea, a tense chemosis of the conjunctiva is 
formed in a few minutes, preceded by a feeling of burning and an increasing 
injection of the eye. This cedema passes away again in a few hours and we 
hope to obtain a beneficial effect on the corneal opacity through the influence ^ 
produced on the lymph circulation. 

Group IIL Chemosis From Changes in the Composition of the Blood 

Sometimes chemosis is met with in persons suffering from anaemia or chlorosis, 
when other and more important symptoDis call for an examination of the blood. 
A transient, recurrent chemosis may lead to the examination of the urine, for 
this symptom happens, though rarely, in Bright' s disease. Such a chemosis, that 
comes and goes, is called oedema fugax. A regularly recurring chemosis in 
women may be connected with menstruation, and chemosis may also be produced 
by urticaria. De Schiceinitz met with a chemosis in the course of a trigeminal 
neuralgia, and I have myself observed a regularly recurring chemosis in one such 
case associated with marked attacks of migraine. 

The observation of this simple phenomenon of the eye leads the physician 
diagnostically through the most varied regions ; it is the same with subconjunc- 
tival hemorrhage. 

n. Description of Subconjunctival Hemorrhage 

Hemorrhages into or beneath the conjunctiva are extremely common. The 
general appearance may be drawn from the description of our first case. In the 
nasal half of the conjunctiva bulbi is a place which presents all shades from 
bright red to dark and is sharply defined at its periphery. To differentiate it 
from an injection of the conjunctiva it may be noted that injected vessels are not 
visible in the lake of blood and that a hemorrhage is more diffuse. 

In such a case a pinguecula may define itself distinctly as a bright, or whitish 
yellow spot on the red background. The conjunctiva is firmly adherent to the 
limbus at the margin of the cornea, so that it cannot be raised by the blood, and 
therefore the hemorrhage at this place has a narrow gray edge. Yet in such 
cases some blood, and more haemoglobin, penetrates into the cornea by diffusion, 
where it can be seen in a thin layer between the lamellae. The contiguous 
margins of the cornea may receive a greenish discoloration and this layer of blood 
may cause the iris in blue eyes to appear green. 

As serum can accumulate beneath the conjunctiva in acute conjunctivitis so 
the vessels become permeable to the blood cells in inflammatory hyperaemia. 
Chemosis and ecchymosis are therefore frequently associated, and, as in chemosis, 
acute conjunctivitis is to be thought of first when an ecchymosis of the conjunc- 
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tiva is met with. Not only in pneumococcal, but in other forms of acute con- 
junctivitis, numerous little spots of blood are to be seen, particularly in the upper 
half of the conjunctiva bulbi. In a croupous conjunctivitis the conjunctiva 
bleeds very easily when the membrane is removed. These hemorrhages in acute 
inflammation of the conjunctiva are usually in the form of little spots and are 
easily recognized. 

Injuries may be said to be the second most important and frequent cause of 
conjunctival hemorrhages. Subconjunctival hemorrhages may be produced by 
three classes of traumatisms to the eye itself, contusions, perforations and super- 
ficial injuries. These include operations performed on the eye ; the operation for 
strabismus may cause very large suffusions. 

Subconjunctival hemorrhages may be produced also by injuries which do not 
affect the eye itself. Very extensive ones are often met with after fractures of 
the base of the skull and fissures of the roof of the orbit and of the sphenoid, 
when the latter extend to the bony walls of the orbit. Clinical experience has 
shown that in fissures of the sphenoid subconjunctival hemorrhages are apt to 
appear later in the temporal portion oi the conjunctiva bulbi, and it happens not 
infrequently that the probability of the diagnosis is increased by waiting a while 
until the blood has appeared beneath the conjunctiva. 

The surgeon sometimes sees effusions beneath the conjunctiva in connection 
with grave injuries of the thoracic and abdominal cavities, as for example in rail- 
road accidents. In these cases other ecchymoses are usually present in the skin 
of the head and face, which are caused by the sudden production of a stasis in the 
jugular veins as the result of the compression. But such violent compressions 
of the body are not necessary in order to produce congestions of the blood in the 
head, and stases in the jugular veins. Vomiting, sneezing, blowing the nose, 
lifting of heavy weights, active labor pains, all of these may cause subconjunc- 
tival hemorrhage. Cough is so common a cause that the first question put to a* 
patient with a subconjunctival hemorrhage is apt to be whether he has a cough. 
In whooping cough these ecchymoses are very common, they may appear in both 
eyes and be quite extensive. In the overwhelming majority of cases these sub- 
conjunctival hemorrhages pass through a series of color changes and disappear. 
No special treatment is necessary, though it is well to order some eye lotion in 
order to comfort the patient. 

In rare cases of whooping cough the hemorrhages take place into the orbit 
and produce marked exophthalmos. Once I succeeded in a fresh case of this 
nature in evacuating the still fluid blood from the orbit by puncture. Hemor- 
rhages into the anterior chamber and into the retina have been described not infre- 
quently* so it is well for the physician to examine ophthalmoscopically children 
with pertussis. Other serious disturbances of vision that may develop in the course 
of a whooping cough are homonymous hemianopsia and paralyses of various nerves 
from hemorrhages in the region of their nuclei. 

Finally subconjunctival hemorrhages may depend on derangements of the 
entire organism. The brittleness of the vessels in old age, arteriosclerosis, can 
produce such hemorrhages either with or without any other cause. A man who 
was much frightened IxH^ause of such an ecchymosis consulted me ; I reassured him, 
although he had arteriosclerosis, but he had hardly reached home when he had 
an attack of apoplexy that proved fatal. Even tliough such an experience is 
exceptional, it serves to impress the fact that the conjunctival hemorrhage is an eye 
symptom indicative of the giMieral condition. 

Conjunctival hemorrhagivs rnxnir in all general diseases that predispose to 
hemorrhage, such as dialx»tos, scurvy, puqnira hemorrhagica, malaria, etc. 
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At the suggestion of chemosis and subconjunctival hemorrhage we have thus 
made a little excursion into differential diagnosis which may later prove of advan- 
tage. Attention to the minutest detail makes the good diagnostician. 

By way of supplement it may be mentioned that air sometimes penetrates 
beneath the conjunctiva. This emphysema of the conjunctiva is usually asso- 
ciated with emphysema of the lids. When a communication between the orbit 
and the nasal cavity is established by some injury, air can be forced on expiration 
into the spaces of the orbital and subconjunctival tissues. When the air is 
driven into the orbit exophthalmos can readily be produced. The condition is 
easily recognized by the feeling of crepitation communicated to the fingers when 
pressure is made on the lid. This emphysema is prone to follow injuries at the 
inner canthus that involve the thin lamina papyraoea. If left quietly alone the 
air becomes resorbed very soon. 

20. The Benign Tumors of the Conjunctiva 

Tumors of the eye may be both intra- and extraocular. We regard intraocu- 
lar growths with anxious eyes, because they are usually found in practice to be 
malignant, in which case the only help is in the early and prompt removal of 
the entire eye. But many of the extraocular tumors are not malignant and the 
most important question that arises clinically, when an extraocular tumor of the 
eye comes under observation, is whether it is malignant, or benign. Next comes 
the question whether it is congenital or not. Two things are necessary in order 
to obtain an answer to the first question ; an accurate clinical exam'ination of the 
particular case, and a knowledge of what tumors of the conjunctiva are benign 
and what malignant. 

Case of Dermoid of the Conjunctiva 

At the lower, outer margin of the cornea of this patient is a hemispherical 
prominence as large as a small bean, of a whitish red and also whitish yellow 
color, situated partly in the conjunctiva, partly in the cornea. Its surface ap- 
pears rather dry, resembling epidermis, and it is provided with minute hairs which 
are more or less fine. The suggestion comes almost spontaneously that this is a 
dermoid of the conjunctiva, and when the history shows that the tumor is congeni- 
tal the diagnosis is positive. Dermoids are congenital without exception. Clinical 
experience has proved them to be benign; when the eye has attained its full 
growth the dermoid has also reached its greatest extent and remains stationary. 
In only very rare cases do these growths increase in size and proliferate over a 
large portion of the cornea. 

L The Different Kinds of Dermoids 

There are three distinct kinds of dermoids: 1, those met with at the corneo- 
scleral margin ; 2, dermoids of the transition folds ; 3, dermoids of the caruncle. 

1, The Dermoid of the Corneoscleral Margin 

This may be met with in any part of the corneoscleral margin, but it exhibits 
a certain preference for the lower, outer portion. It is usually single, but may be 
double and may be present in both eyes. Such growths are not infrequently seen 
in the eyes of such animals as calves, cattle and dogs. 




90 DERMOIDS 

S. The Dermoid of the Transition Folds 

Thk form of dermoid is found in the subconjunctival tissue toward the transi- 
tion folds. Its favorite seat is upon the surface of the eyeball between the exter- 
nal and superior recti. Sometimes it develops in the 
palpebral fissure itself and can be seen when the eye is 
turned inward. This dermoid contains more fat than 
the one just described, so that it is softer. It also fre- 
FiG 16 — Lipodermoid quently increases in size by the addition of fat. It is 
of the Conjunctiva. freely movable over the subjacent tissues, but the con- 
junctiva is attached to its surface. Because of tlie great 
amount of fat it contains it h6is also been designated lipodermoid. 

3. Dennmd of the Caruncle 

In very rare cases dermoids occur in the caruncle and plica semilunaris and 
extend from there to the cornea. 

n. Occurrence of Other Developmental Anomalies 

As the dermoid is a congenital tumor it is not surprising that it is sometimes 
associated with other anomalies of development either in the eye or elsewhere. 
Among such anomalies may be mentioned lipomata, warts, ichthyosis and appen- 
dices auriculares, as well as colobomata of the lids, iris and chorioid, microph- 
thalmos, ectopia of the pupil, etc. The presence elsewhere of such developmental 
anomalies aids in the diagnosis of the dermoid nature of the growth. 

ni. Anatomy and Origin of the Dermoid 

What impresses one most about these tumors is their close relation to the skin. 
In a dermoid of the corneoscleral margin tJie epithelium over the growth is thick 
and horny ; beneath this lies a dense, fibrous connective tissue containing hair 
bulbs and sebaceous glands. The transition into the cornea and sclera is quite 
gradual. Sweat glands, smooth, transversely striated muscles and even cartilage 
have been found in them. In the subconjunctival lipodermoid the condition is 
analogous, except for the excessive amount of fat. Theories are much divided 
concerning the origin of dermoids. Whether it is due to a foetal invagination of 
the external blastoderm, as Remak believes, or whether v. Duyse is right in be- 
lieving that the cause is an adhesion of the amnion to the surface of the eyeball 
in a very early period of foetal life, we do not know. Embryonic skin tissue 
must at any rate remain on the surface of the eyeball. 

rV. Therapy of Dermoid 

Although a dermoid is a benign tumor it should be removed, not only to 
improve the cosmetic appearance of the patient, but because the hair on its sur- 
face forms a source of irritation to the eye. The dermoid is dissected out from 
the cornea and then the attempt is made to shell it out of the conjunctiva. The 
defect left is covered by drawing together the edges of the conjunctival wound. 

It has already been said that the differentiation between a benign and a 
malignant extraocular tumor of the eye depends not only on the accurate clinical 
examination of the particular case, but also on a knowledge of what benign and 
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malignant tumors may be met with. The benign tumors that occur in the con- 
junctiva, in addition to the dermoid which has just been mentioned, are angio- 
mata, osteomata, polypoid growths, cysts and naevi. 

Angiomata of the Conjunctiva 

An angioma is composed of vessels that are either newly formed, or have 
undergone extensive chances in their walls, and, when met with in the conjunctiva, 
may be recognized immeaiately by its dark red, or blue red color. It may be in 
the form of a teleangiectiasis, or of a cavernoma, just the same as elsewhere in 
the body, and it may occur primarily in the conjunctiva, or it may involve that 
tissue by an extension from the skin of the lid. It is a growth that is rarely 
seen, is usually situated near the inner canthus and is movable with the conjunc- 
tiva. Its commencement is ordinarily congenital and it is usually noticed by the 
parents at an early period. Many procedures have been recommended for its 
removal, the most suitable is to pass a ligature about it in the deep tissues and to 
follow this by excision. Lymphangiomata very rarely have been seen in the 
conjunctiva; more frequently they extend from the lids and orbit, and encroach 
on the conjunctiva. 

Osteomata 

Osteomata of the conjunctiva are extremely rare. Those which have been met 
with were smooth and situated between the external and superior recti, like the 
lipodermoids. They were congenital and the eyes in all other rfespects were per- 
fectly well. Histologically they consisted of connective tissue capsules, each con- 
taining a scale of true bone. They can easily be removed and do not recur. 

• 

Polypoid Tumors 

Polypoid growths are met with more frequently than any of the tumors that 
have yet been described. In general they are outgrowths that resemble polyps 
and are attached to the conjunctiv'a by means of pedicles. They occur on the 
conjunctiva tarsi, in the transition folds and in the caruncle, and may be divided 
into three groups. 

First are those that are to be classed as fibromas. These are met with usually 
on the palpebral conjunctiva, may grow rapidly, and have a great tendency to 
spontaneous hemorrhage, which may be very severe, as EUchnig observed. They 
should be removed and their bases should be cauterized. Other fibromas of a 
harder consistence are sometimes found in the caruncle, where they may attain a 
considerable size. 

The surface of a papilloma of the conjunctiva is not smooth, like that of a 
fibroma, but is fissured so as to make the growth resemble a raspberry, or cauli- 
flower. This characteristic configuration is the result of a papillary proliferation 
carried on step by step. They are covered with a thick layer of epithelium. 
They are met with chiefly in males and have been known to undergo carcinoma- 
tous degeneration. The possibility that this last may happen is alone sufiicient 
to justify their radical extirpation. 

The third and last group of polypoid growths of the conjunctiva is composed 
of the so called granulation tumors. In contrast with other polypoid tumors 
these are not covered by conjunctiva, but consist of granulation tissue. They 
develop in places where tiie conjunctiva has suffered a loss of substance and are 
therefore met with occasionally after operations for strabismus, when the wound 
in the conjunctiva has not been carefully sutured, and after enucleations in the 
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bottom of the conjunctival sac. When a chalazion ruptures through the conjunc- 
tiva masses of such granulations proliferate from the opening. The removal of 
these growths presents no difficulties. 

Cifsts of ike Conjunctiva 

A prominence in the conjunctiva, sharply delimited from the surroimding tis- 
sue, with watery, or bright yellow contents shining through the thin wedl, is a 
cyst of the conjunctiva. A cyst may be produced in various ways and the differ- 
ent varieties appear by choice in certain places. 

First Group of Cysts 

Cysts belonging to this group arise from ectatic lymph vessels and are therefore 
called lymph cysts. They may be congenital, or they may develop in later life, and 
are usually situated in the conjunctiva bulbi. Their superficial position and mova- 
bility upon the sclera are indicative of their origin. Sometimes a dilated lymph 
vessel can be observed to extend from the end of the cyst. Multiple ectasise of 
the lymph vessels also occur on the eyeball. 

Second Group of Cysts 

This group originates from pathological changes in the epithelium. When 
the conjunctiva is inflamed the epithelium may proliferate into it in the form of a 
cunicle, then the cells in the centre of such a cunicle may die, a hollow space 
be formed and a cyst develop. Or folds may be formed in the conjunctiva, as 
happens in pterygium, that come together and fuse above, thus creating hollow 
spaces lined with epithelium, from which cysts may proceed to grow. 

Cysts may also originate from Kraxise's glands of the conjunctiva, when the 
openings of the glands have been closed by inflammation. These are known as 
retention cysts, are found in the lateral portions of the transition folds and may 
attain a considerable size. 

Third Group of Cysts 

A penetrating, or a nonpenetrating injury of the eyeball may result in the 
formation of a cyst. The cystoid cicatrix after operations for cataract and glau- 
coma is an example of the former. Such cystlike formations are particularly apt 
to occur when iris tissue is incarcerated in the woimd, or the intraocular tension is 
increased. A nonpenetrating injury may likewise cause a cyst, as occasionally 
happens after an operation for strabismus. It cannot be determined clinically 
whether such cysts have been produced by the formation of folds, by the presence 
of a foreign body, or by epithelial cells that have been transplanted into the 
subconjunctival tissue. Cysticercus cysts have been observed very rarely in the 
conjunctiva. 

Ncpvus of the Conjunctiva 

We come now to a tumor of the conjunctiva that may readily overstep the 
limits of a benign character. The naevus appears clinically in two forms, pig- 
mented and nonpigmented, each of which has clinically distinctive features. 

The nonpigmented naevus is met with almost exclusively in the conjunctiva 
bulbi, usually close to the margin of the cornea, where it forms a flat, yellowish 
red, smooth prominence which can be moved about freely over the sclera. 
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The pigmented nsevus may develop anywhere in the conjunctiva. Tlie noD- 
pigmented usually is met with in young people, the pigmented occurs in old 
people as well. In its rudimentary form it must certainly be considered congeni- 
tal. Both foFHis may show signs of renewed activity after long intervals of quiet. 
The nonpigmented nievus disturbs the eye by growing over the cornea, but the 
pigmented ncevus very readily gives rise to the malignant sarcoma. Every sus- 
picious ntevus should therefore be destroyed as early and as radically as possible. 
When it is situated at the margin of the cornea and is adherent, it must be dis- 
sected away very carefully. 

Under the microscope it may be seen that the epithelium sends long processes 
into the stroma of the conjunctiva and, as a consequence, often degenerates. Be- 
tween these processes cells, known as nsevus cells, lie heaped together. When the 
nwus is pigmented the pigment cells lie in part between the nsevus cells, or in 
the vascular intermediate tissue. Whence the nsevus cells originate is still a 
debated question ; some think they come from the epithelium, others that they origi- 
nate from the connective tissue. These benign tumors form a murked contrast 
with the epithelioma and sarcoma of the conjunctiva, which next demand our con- 
sideration. 

21. The Malignant Tumors oF the Conjunctiva 

An elderly man states that something has been growing over his eye for several 
months. It was noticed first by members of his family, but he paid no atten- 
tion to it until recently, when it began to grow rapidly and to interfere with his 
vision. 

On the inner side of the eye, near the margin of the cornea, is a flat, whitish 
frray. fairly firm growth which has involved a great part of the conjunctiva bulbi. 
There is no ulceration. The growth moves back and forth with the conjunctiva, 
but is firmly adherent at the limbus, whence it extends into the cornea, where it is 
absolutely immovable, as can be demonstrated when the eye 
is cocainized. It contains numerous bloodvessels. 

Pannus is not so thick and presents no such involvement 
of the conjunctiva bulbi. The proliferation at the limbus 
is not that of vernal catarrh, for all the other changes and 
symptoms characteristic of that disease are absent. It has 
neither the triangular form, nor the gray, gelatinous head of 
the advancing pterygium ; a probe cannot be introduced 
beneath it at the neck: it has grown more diffusely over 
the cornea and is firmly adherent to the subjacent tissue. 
Its appearance as a whole, its consistence and its irregular Fig. 17. 

form and surface reveal it to be a neoplasm on the surface Melar 
of the eyeball. The most important'of the benign tumors 
of the conjunctiva are the congenital, such as the dermoid, 
angioma and nsevus, and the acquired, including cysts and polypoid growths, but 
it is none of these. The thought of a polypoid tumor, or of a ntevus undergoing 
malignant degeneration, may momentarily suggest itself, but this tumor is not 
pigmented, and hss not the form of a polyp. If the age of the patient is taken 
into consideration with the facts that the tumor is growing and menacing the 
vision, it becomes evident that this is a malignant tumor. The only malignant 
tumors met with in the conjunctiva are the epithelioma and the sarcoma. In 
such cases the anatomical examination naturally is decisive, but the interpreta- 
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tion of the findings is often difficult. The question just now is how to establish 
this diagnosis clinically. 

These tumors follow no fixed rules ; each case must be considered individually, 
and yet, though they have some features in common, they possess characteristics 
by means of which they may be clinically differentiated when they are primary 
growths of the conjunctiva. 

Both show a certain predilection for the limbus, because the epithelium changes 
its character where it passes from the conjunctiva to the cornea so that irregu- 
larities may readily happen in its development, and even normally the epithelium 
sends processes deep into the tissue. This predilection is in keeping with the 
known fact that malignant neoplasms are apt to develop in places where the epi- 
thelium of the skin passes over into that of mucous membranes, as in cases of 
carcinoma of the lip, nose and margin of the lid. 

Several cases of malignant tumors of the conjunctiva have been described by 
Hartmann^ Manfred^ Schneider^ Lagrange and others, as the results of injuries 
received at the limbus, but we cannot recognize the ultimate cause of these neo- 
plasms. We must not forget that these malignant tumors may start from other 
places in the conjunctiva. The predilection of the sarcoma to originate at the 
limbus may be partly explained also by the fact that pigment is normally present 
at this place in the conjunctiva; brunettes are apt to have a brown stain, some- 
times dark spots, at the limbus, and, as we have already seen, true naevi occur there 
as well as at the lid margin. 

The inclination of both of these tumors is to remain local. They recur very 
readily, but they rarely penetrate into the eye and still more rarely cause metas- 
tases. It is quite otherwise with intraocular sarcomas from which early metastasis 
is to be feared. Gramtz recently demonstrated a case of multiple sarcomata of 
the skin which originated from an unsuspected and unrecognized sarcoma of the 
chorioid. It is self evident that this tendency of malignant tumors of the con- 
junctiva to remain local for a long time must be taken cum grano salis, for event- 
ually generalization may result from them also. 

The epithelioma may contain pigment, and the sarcoma may be a leucosar- 
coma, and even histologically their differentiation may be difficult, as both tumors 
have an alveolar structure, but ordinarily the sarcoma of the conjunctiva contains 
pigment while the epithelioma does not. The melanosarcoma usually starts as a 
scarcely noticeable dark spot at the limbus and may develop from a nsevus. As 
the amount of pigment in a naevus is apt to be not uniform, and the sarcoma is 
generally very vascular, its color may receive a grayish, or reddish gray tone. As 
the tumor spreads it remains movable in the conjunctiva. When it extends be- 
yond the margin of the cornea it usually forms a sharp elevation and may, as 
Seiderpr observed, cover the cornea for a considerable time without invading its 
tissue. When the cornea is invaded the sarcoma spreads beneath the epithelium 
leaving Bcwinan's membrane intact. It rarely, and only at a late period, pene- 
trates into the parenchyma of the cornea and the interior of the eye. In rare 
cases a sarcoma may start from the cornea itself, as has been observed by PanaSy 
Gonin and others. It likewise penetrates the sclera rarely and at a late stage ; 
when penetration does occur the vessels at the limbus furnish the track for its 
passage. A former assistant of mine, Joersz, met with a piu^ly subconjunctival 
sarcoma which probably started from the sheath of the tendon of the external 
pectus. 

A case of this nature is almost certain to be primary, for thus far KawTca has 
described the only one in which the tumor was due to metastasis. Sarcoma of the 
conjunctiva is a very rare disease ; 31% of all recorded cases have occiured between 
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the ages of fifty and sixty, 15% between the ages of ten and twenty. Tlie diag> 
nosis of at least the pigmented sarcoma can be made clinically by taking all of 
these factors into account. An examination of the interior of the eye can exclude 
immediately the possible presence of a perforating intraocular sarcoma, or tuber- 
culous growth from the iris. It may be mentioned that Uhthqff has seen a case 
in which particles of quartz at the limbus produced a benign, brownish yellow 
tumor of the conjunctiva bulbi. 

The course of neglected cases of sarcoma, or of grave recurrences, may be told 
briefly. The growing tumor fills the conjunctival sac and causes serious, recurrent 
hemorrhages. When it involves the cornea vision is compromised. Finally the 
tumor ulcerates and protrudes through the palpebral fissure. 

An epithelioma is usuaDy nonpigmented, is flatter than an epibulbar sarcoma 
and lacks its abrupt demarcation from the cornea. Its surface is less smooth, but 
more granulated and rough, and its color is more inclined to white or grayish 
white. It causes less hemorrhage, even when its surface is ulcerated. It occasions 
swelling of the neighboring glands with comparative infrequency, and is more apt 
than sarcoma to cause inflammatory irritation of the conjunctiva and to interfere 
with the vision. As it continues to grow it involves the neighboring skin of the 
lid and, in advanced cases, it not uncommonly happens that all the tissues of the 
orbit about the eyeball become involved, and the tumor is then known as a peri- 
bulbar epithelioma. 

Its behavior toward the cornea and sclera varies. Sometimes an epithelioma 
will remain attached for a long time to Bownmti's membrane by a newly formed 
tissue and leave the cornea intact ; in other cases it destroys the greater part of the 
cornea. In the same way the neoplasm may develop superficially on the sclera, 
or it may foUow the lymph sheath of the anterior ciliary arteries into the eyeball 
early in its course. Epitheliomata of the conjunctiva may be hard or soft, and 
it should be mentioned that sometimes they are not flat, but beanlike, or conical. 

The majority of patients with epithelioma of the conjunctiva are over forty 
years of age, though there are many deviations from this rule. The diagnosis is 
made chiefly by the exclusion of the characteristic features of the sarcoma. 

When we examine a section of an epithelioma under the microscope the pro- 
liferated processes of epithelium with their branches and rounded edges can be 
seen, together with the epithelial pearls produced from the horny cells in their midst. 
Many epitheliomata start from the acinous glands of the conjunctiva. Both round 
celled and spindle celled sarcomas are met with, as well as tumors that contain both 
varieties of cells, and others with alveolar construction throughout. The rich vas- 
cularity of these sarcomas is characteristic. The pigment may be seen in the same 
section to be both in the tumor cells and in the cells of the intermediate tissue. 

The prognosis of both of these malignant tumors need not be dwelt upon in 
detail. It is true that metastases from sarcomata of the conjunctiva are infre- 
quent, though they have been met with, but the tendency to recurrence proves their 
malignant nature. Recurrences sometimes take place in entirely new sections of 
the conjunctiva and these are more apt to penetrate deeply into the eye. The 
epithelioma exhibits the same tendency to recur and likewise rarely gives rise to 
metastases. The situation of these tumors often renders radical extirpation im- 
possible and at the same time the ophthalmologist naturally wishes to preserve the 
eye as long as he can ; this accounts for their marked inclination to recurrence. 

When either of these tumors is met with an effort should be made to remove 
it as expeditiously and thoroughly as may be practicable. If the eye is blind 
from any other cause, or if it is so seriously impaired by the growth that useful 
vision cannot be regained, it should be enucleated. Only in cases in which the 
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patient refuses to allow this to be done should any attempt be made to extirpate 
the tumor alone. But when the eye is still capable of useful vision, and particu- 
larly when the other eye is blind, an attempt should be made to remove the growth 
and at the same time preserve the eye. In the performance of this operation the 
diseased portion of the conjunctiva is removed and the tumor dissected out of the 
cornea ; then the wound in the cornea is cauterized with the galvanic cautery and 
the conjunctival gap is either covered with conjunctiva by means of a plastic 
operation, or filled in by a graft of mucous membrane taken from the lip. This 
conservative operation is of more practical use in epithelioma than in sarcoma. It 
is necessary that the patient remain under constant medical supervision so that in- 
tervention may be timely when a recurrence takes place. In this manner eyes have 
been finally saved in spite of many recurrences, as in cases reported by Valude, 
Hartmann, Roginaiu Peschel and Ktpp. The chances are not so good in sarcoma 
of the conjunctiva, for cases have been reported in which even early enucleation 
was unable to prevent metastasis, as in the one reported by Kerschbaunier. When 
the tumor is so large that the greater part of the conjunctiva would have to be re- 
moved with it the eye should be enucleated, because such an extensive cicatrization 
as would be produced by the removal of the growth would cause distortion and 
immobility of the eyeball. In more advanced cases, especially when the tumor has 
entered the eye along the anterior ciliary vessels, nothing but enucleation, or exen- 
teration of the orbit should be considered. 

22. Syphilis and Pemphigus of the Conjunctiva 

A young person has noticed for three weeks a growing, painless swelling of the 
lower lid. When this is everted the conjunctiva palpebrae is seen to be reddened, 
the conjunctiva bulbi to be slightly chemotic, while from the transition fold springs 
forth an oblong tumor, as large as a bean, of a dirty whitish red color, with its 
surface ulcerated and covered with a coating of fibrin. Through the lid the growth 
can be felt to be hard, especially at the edges, where it has almost the consistence 
of cartilage. The preauricular and submaxillary lymphatic glands are swollen, 
hard and painless. The diagnosis in such a case a priori is not easy, for the ini- 
tial lesion of syphilis is rarely met with on the conjunctiva; about fifty cases have 
been reported. At first there are no positive signs by which it may be distin- 
guished from tuberculosis, or perhaps cancer, of the conjunctiva, but the diagnosis 
may be made by an examination for the spirochaeta pallida which, when present, 
proves the lesion to be a chancre. 

The conjunctiva may be affected in all three stages of syphilis. The relatively 
most frequent seat of the initial lesion is the conjunctiva of the lower lid and the 
lower transition fold. The infection may take place in various ways. This case, 
reported by Michel^ is very instructive : A physician examined a patient who 
was suffering from sjrphilis. Afterward he thoughtlessly rubbed one of his eyes 
with his finger. This was followed by a slight irritation and swelling of the con- 
junctiva that did not improve. In a few weeks a chemosis appeared, together 
with a dirty yellow discoloration in the lower transition fold. Meanwhile the 
preauricular gland became swollen and finally the usual symptoms of secondary 
syphilis developed. 

Sometimes the infection is conveyed by a kiss, more often by the evil custom, 
prevalent in many lands, of removing a foreign body from the eye with the tongue. 
Persons who were taking care of syphilitic children have been inoculated by them. 

The therapy may be briefly stated to be an energetic antisyphilitic treatment 
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immediately institated. The prognosis is good ; the lesion will retrogress com- 
pletely withoat having caused injury to the eye. 

Whether the obstinate catarrhal conjunctivitis occasionally met with in syphili- 
tics is specific or not, it is certain that the conjunctiva is sometimes involved in the 
secondary stage of syphilis. The very marked paleness of the conjunctiva during 
the early part of this stage, described by IMlbrand and Stitlin^ may be seen not 
infrequently. AficheL, GoUbaeher and Sattler have observed the development of 
lymph follicles from proliferations of the endothelium, which retrograded under 
antisyphilitic treatment. Others have met with a peculiar fatty, gelatinous ap> 
pearance of the conjunctiva. 

True papules, either solitary or multiple, and of various sizes, are found not 
uncommonly on the conjunctiva, particularly on the caruncle and the plica semi- 
lunaris. When situated near the corneal margin they somewhat resemble eczema- 
tons efflorescences. They have little inclination to break down, unless locally in- 
terfered with, and undergo involution under antisyphilitic treatment, leaving, 
sometimes, a brownish spot of pigment, as observed by GtUmann, 

Finally gummata are met with in the conjunctiva. Their general color is a 
dull red, with yellowish gray on the top and margin. Although papules generally 
cause no trouble, gummata excite much irritation. They extend deeply into the 
tissues and changes in the iris and other parts of the eye are to be expected. They 
may undergo involution, but serious ulcerations are apt to take place with the 
production of cicatrices that resemble pterygia. 

The domain of hereditary syphilis in the eye is the cornea and uveal tract ; 
specific conjunctivitis is rarely met with in children suffering from this disease. 

In pemphigus of the conjunctiva such vesicles as are to be found elsewhere on 
the body are rarely to be seen, because their pellicles are very thin and easily de- 
stroyed ; their places are taken by sores covered by gray deposits. 

According to Michel pemphigus attacks by choice the conjunctiva at the inner 
canthus and on the lower part of the globe. The disease is almost always bilat- 
eral, although the course in the two eyes may be very different. The skin and 
mucous membrane may be affected simultaneously, or in succession. The cicatri- 
zation that arises from these sores cannot be checked. The hair bulbs are involved 
in the contraction of the conjunctiva, which causes the edge of the lid to bend in- 
ward, and produces as the first results of this grave disease entropion, trichiasis 
and distichiasis. Ectropion occurs only in the rare cases in which the pemphigus 
is situated on the skin of the lid. Very often an ankyloblepharon, an adhesion 
of the margins of the lids, is formed at the inner commissure. Finally the en- 
tire conjunctival sac becomes obliterated, and the cicatricial, xerotic conjunctiva 
passes directly from the narrow palpebral fissure to the anterior surface of the eye. 
The cornea is spared only in exceptional cases. Infiltrates and ulcers leading to 
perforation may be formed ; its surface may be covered by a growth that resembles 
pannus; it may become xerotic, or an extension of conjunctiva like a pterygium 
may develop over it. The worst result of all is xerophthalmos. 

The prognosis is not good. An attempt may be made to improve the position 
of the lids by an operation for entropion. Many attempts have been made to 
replace the shrunken conjunctiva by grafts of mucous membrane, but they have 
generally proved unsuccessful. The xerotic troubles may be alleviated by the 
use of ointments and of milk. 
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23. Amyloid and Other Degenerations of the Conjunctiva 

The great majority of conjunctival diseases are inflammations of bacterial or 
infectious origin, but a small group remains of diseases that are known as deeen- 
erative, because of the clinical and anatomical characteristics which they display 
Pinguecula and the xerosis which is the final result of contraction and faulty 
nutrition of the conjunctiva belong to this group. 

A patient with amyloid degeneration of the conjunctiva states that his upper 
lid has grown thicker gradually until it has become difficult, if not impossible for 
him to open his eye. On examination we find the upper lid to be thick and 
drooping so low as to cover part of the lower lid. No changes are visible in the 
skin of the lid except some shining, bluish veins. Patients with this disease fre- 
quently nave suffered from trachoma, which is apt to produce a certain demee of 
blepharoptosis that gives a sleepy appearance to the eyes, but trachoma alone does 
not produce so high a degree of blepharoptosis as this, or such a volumetric in- 
crease in the lids. The upper lid may be everted with some difficulty and then 
we see that its entire conjunctiva has a fatty, gelatinous and waxy appearance 
Its surface is smooth ; toward the transition folds may be seen some elevations and 
swellings. The bleeding produced by seizing it with forceps is very slight as 
compared with that caused by similar treatment of a thick, trachomatous conjunc- 
tiva. The eye exhibits few signs of irritation and the cornea is unharmed. 

Clinical experience has demonstrated that amyloid degeneration of the con- 
junctiva is not dependent on trachoma ; the connection between the two diseases in 
any case is accidental, for this degeneration may take place in a perfectly healthy 
eye. It is in no way connected with the general amyloid degeneration that results 
from long continued suppuration; it is a purely local disease of the conjunctiva 
and its cause is unknown. It is met with very rarely, appears during middle life 
and lasts an extremely long time. It usually starts' in the transition folds, first 
involves the palpebral conjunctiva, and then may extend to the conjunctiva buibi 
and the plica semilunaris. Sometimes it starts as a well defined tumor. Its de- 
velopment is always greatest in the upper lid, to which it may be confined. In 
the great majority of cases the cornea is spared, unless injured mechanically, or by 
other disease. The secretion of the eye is not increased. 

This degeneration is produced by a substance which gives the amyloid reaction 
and stains mahogany brown with LugoVs solution, or greenish on the addition of 
sulphuric acid. 

Substances that give the hyalin resiction are also occasionally met with, and 
cases have occurred in which hyalin degeneration was not only the more promi- 
nent, but the sole form present. 

A remarkable change takes place in the vessels ; their walls become homogene- 
ously thickened and partially transformed into layers of degeneration, between 
which lie infiltrates containing round cells, plasma cells and giant cells. Calcifi- 
cations may be found in a late stage of the disease. The whole degeneration seems 
to start from the walls of the vessels and the fibres oi connective tissue. 

Although at first glance this disease would seem to be very serious, and 
although its duration is so prolonged, yet the prognosis is hot bad, because the 
cornea is usually uninjured and much improvement may be secured by operative 
intervention. Several sittings are necessary in which the degenerated masses of 
tissue are to be removed, part at a time. These partial excisions excite spon- 
taneous resorption of the remainder of the masses. 

Another and still rarer degenerative disease of the conjunctiva is the one first 
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described by Leber^ characterized by an enormous amount of calcification and 
known as conjunctivitis petrificans. These cases begin with an attack of conjunc- 
tivitis, in the course of which white spots appear in the mucous membrane. The- 
epithelium over the larger of these spots is cast oflF, laying bare hard, chalky 
masses that are firmly adherent to the subjacent tissue. Many attacks follow each 
other and result in great cicatrization. The chalky masses are composed of 
lime, probably in an organic combination with a base consisting of de- 
generated connective tissue. The great amount of lime excreted in such cases 
may be appreciated from the fact that in one case, after three attacks, the total 
quantity removed by Scemisch filled a glass of 2 ccm capacity. The cause of 
tiiis degenerative disease is utterly imknown. 

But these degenerative diseases are not all rarities ; a very common one is that 
in which deposits of lime are formed in the conjunctiva. A patient with this 
trouble presents the cardinal symptoms of a chronic conjunctival catarrh, with little 
yellow deposits scattered irregularly over the tarsal conjunctiva of the upper lid, 
as well as in the transition fold, and elevated somewhat above its level, each usu- 
ally surrounded by an area of hyperaemia. These are little concretions of lime in 
the surface of the conjunctiva. They may be either the cause or the result of the 
hyperaemia and inflammation. Deposits of lime may form in the Meibomian 
glands whenever the escape of their secretion is interrupted, and they establish 
themselves in the invaginations of epithelium which are so readily formed in 
chronic catarrh. Inversely, such a deposit may irritate the conjunctiva and pro- 
duce the same feeling as that caused by the presence of a foreign body. Whoever 
does not think of this may treat a chronic conjunctivitis in vain. After the eye 
has been cocainized the concretion may be lifted out with a foreign body needle, 
or, if more deeply seated, with a small sharp spoon after a minute incision has 
been made down upon it. 



24. Tuberculosis of the Conjunctiva 

L A Clinical Picture of Tubercidosis of the Conjunctiva and the Clinical 

Dififerential Diagnosis 

Our patient, a young man, never before had any disease of his eyes. About 
a year ago his left eye began to tear, or lacryjnate, but he paid no attention to it. 
After some weeks, or months, a reddish ** pimple'' appeared below the inner can- 
thus in the region of the lacrymal sac, but caused no pain or other sign of in- 
flammation. He consulted a physician and the place was treated with ointments 
and plaster until it broke ; since then he has been unable to rid himself of the 
lacrymation and suppuration. For the past six months he has noticed that the eye 
is always and increasingly red, sensitive and yielding much secretion. At last he 
noticed that one place in particular looked thickened and so has sought our assist- 
ance. 

In this young man, who otherwise appears to be healthy, there is an inflamma- 
tory redness of the skin in the region of the lacrymal sac, the skin itself feels thick- 
en^ and there is an escape of pus from a fistula that leads from the lacrymal sac 
itself. It must be noticed that according to the history this condition developed 
gradually without having been preceded by a phlegmonous inflammation. The 
lower lid appears to be thickened ; on eversion a large ulcer in the palpebral 
conjunctiva and the transition fold becomes visible. Its margins are indented, 
it has a dirty yellowish red color and its base is covered by white, fibrinous 
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masses. Elsewhere there is only a great redness and swelling of the con- 
junctiva. 

Necrosis following a bum and the ulceration attending croupous conjunctivitis 
produced by streptococci, which is always preceded by a severe acute inflammation, 
are both excluded as causes of this ulcer by the history. In pemphigus we find 
sores on the conjunctiva covered by a gray coating, but pemphigus of the con- 
junctiva is usually associated with an eruption of the same disease on the skin and 
its entire clinical picture is different; the sore places cicatrize, the conjunctiva is 
white and tense, and fresh sores are starting in other places. Deep-seated chalazia 
which have ruptured through the conjunctiva and have their openings surrounded 
by granulations present a certain, slight similarity, but this error, if made, is 
quickly recognized. The prominence formed by the chalazion can be felt through 
the skin and ordinarily other chalazia are present. No one acquainted with tra- 
choma can ever mistake tuberculosis of the conjunctiva for it, even when the yel- 
lowish gray nodules, that often have a cauliflower appearance, are prominently in 
the foreground together with the papillary proliferations. The ulcerated condition 
of the conjunctiva will be noticed quickly. Such ulcers are also wanting in the 
rare Parinaud^s conjunctivitis. Syphilitic ulcers of the conjunctiva are extremely 
rare and they may be excluded by a general examination, including Wassermann\s 
reaction. After all these have been excluded there remains only tuberculosis of 
the conjunctiva. The chronic character of the disease and the unique clinical 
picture are both indicative of this diagnosis. The disease of the lacrymal passage 
in this case is most probably tuberculous also. 

n. Procedures to Confirm the Diagnosis 

A physical examination must be made of the patient for signs of organic 
tuberculosis, but this may not give a positive result. The bacteriological exami- 
nation of slides as a rule fails to give confirmation, because the tubercle bacilli 
present are few in number and even when they are found the question arises 
whether the characteristically stained bacilli are really those of tuberculosis, or 
similar acid fast bacilli. The cover glass examination is, in short, of no practical 
importance. We cannot wait for the slow growth of tubercle bacilli in cultures 
and it is difficult to isolate them from the other parasites of the conjunctiva. The 
tubercle bacilli may be found somewhat more easily in the pus from the lacrymal 
sac, as Morax has pointed out. 

A portion of the diseased tissue may be excised and examined microscopically ; 
the bacilli are not easily found because they are few in number and if none are 
seen the finding of a typical tubercle with central necrosis will serve to confirm the 
diagnosis, but still this method is not satisfactory. 

The surest proof of the presence of tubercle bacilli is obtained by inoculation 
in the lower animals. The eye of a rabbit is cocainized, a little puncture is made 
in the cornea a short distance from the limbus, the aqueous is allowed to escape and 
then a bit of the diseased tissue is introduced into the anterior chamber, by means 
of a spatula, and left lying on the iris. This inoculation is easily performed if the 
puncture is not made too large and the eye is held quiet during the introduction, 
by means of the lids. The tissue introduced must be as free as possible from 
other morbific agents and therefore must not be taken from a part of the ulcer that 
is covered by pus. If tubercle bacilli capable of producing an infection are pres- 
ent, a tuberculous iritis will develop in the course of two or more weeks. 

The intraperitoneal inoculation of guinea pigs is still more satisfactory, as these 
animals are extremely sensitive to tuberculosis and larger quantities of triturated 
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tissue can be injected. These experiments afford a positive differentiation con- 
cerning the tubercular nature of the disease, but considerable time is lost before 
the differentiation is made. Finally we come to the tuberculosis reactions, with 
the management and diagnostic importance of which we became familiar in the 
study of tuberculosis of the iris. PirqueVs cutaneous reaction may be tried first, 
then old tuberculin may be injected subcutaneously, when the subsequent charac- 
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teristic temperature curve will leave no doubt that the patient is tuberculous, and 
we may confidently expect that the animal experiment will demonstrate the tuber- 
culous nature of the lesion in the eye. 



m. Nature and Course of Conjunctival Tuberculosis 

Although, when we consider the enormous dissemination of pulmonary tuber- 
culosis, it is probable that tubercle bacilli come in contact with the mucous 
membrane of the eye very frequently, yet tuberculosis of the conjunctiva is a very 
rare disease. It is met with almost exclusively in young people between the ages 
of ten and thirty, a fact that accords with our knowledge that the susceptibility of 
man to the infection of tuberculosis decreases with the advance of age. Excep- 
tionally conjunctival tuberculosis may be met with in old age. 
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This marked lack of receptivity to tubercle bacilli on the part of the conjunc- 
tiva has been ascribed to the fact that the lacrymal fluid is not a good nutritive 
medium for bacteria, that it removes the bacilli mechanically, and that the imin- 
jured epithelium prevents the entrance of the bacilli into the tissue, but whether 
these factors alone are able to account for the rarity of conjunctival tuberculosis 
has not yet been decided. 

Clinical observation has taught us that the presence of an injury favors the 
development of conjunctival tuberculosis. According to FiLchs this disease is 
very apt to start about the sulcus subtarsalis, a favorite place for the lodgment of 
little foreign bodies, and cases have been reported in which it directly followed a 
deep seated injury to the conjunctiva, or an operation. 

The clinical picture presented by this rare disease varies in many details. 
Sattler and Eyre divide it into several varieties, but these merge into one another. 
The form most frequently met with is the tuberculous ulcer, which may be of a 
dirty yellow red color, be covered by a yellowish white coatinsc, or may have a 
fattj Appearance. Its margins are i^giar in outline and indiSinct. a/d yellow- 
ish gray tubercle nodules are to be seen in its neighborhood. 

In other cases fissured papillary proliferations predominate, or, exceptionally^ 
there may be a single, pedicled granulation tumor. In still other cases the con- 
junctiva is swollen diffusely and holds a great many nodules beneath its epithe- 
lium, the miliary form, or the diseased part may have the appearance of a large, 
spongy granulation. 

The cornea is not involved in some cases, but it is very apt to be affected in a 
variety of ways. A sort of pannus, in which nodular elevations are visible, may 
be formed over it, or it may be the seat of extremely obstinate ulcerations, or thick 
tuberculous granulations may proliferate over its marginal portions from the con- 
jimctiva and eventually cause necrosis of the cornea. 

These variations in the clinical picture of conjunctival tuberculosis correspond 
exactly with the behavior of the disease in other organs, and are due to differences 
in the susceptibility of the patients, in the virulence and quantity of the tubercle 
bacilli, and in the reactions of the diseased tissues. The same causes explain also 
why the course varies so greatly in different cases. 

The prognosis of this disease as regards the eye is very grave. The infiltration 
may extend from the conjunctiva to the tarsus, the ulcers may destroy gradually 
the transition folds, the conjunctiva bulbi, the cornea, the sclera and even the eye- 
ball itself. Extensions of the disease to the skin of the lid have been observed. 
All of these complications are especially likely to occur when the course of the 
disease is attended by severe ulcerations, particularly when the slight troubles that 
first appear have not received the timely treatment by which they can usually be 
checked, even after the cornea has become involved. 

Relapses may be anticipated for a long time. 

Benign forms that cicatrized and healed spontaneously have been met with, 
but it must be borne in mind that such a focus of tuberculous inflammation in an 
eye is a menace to the entire body and may lead to general infection. Cases have 
been observed in which a man previously free from tuberculous taint was attacked 
by tuberculosis of the conjunctiva, followed by tuberculosis of the lacrymal 
passages, of the nose and finally of the lungs, which proved fatal, and such cases 
prove that a general infection can take place in man from the conjunctival sac, 
as it has been proved experimentally by myself and others to take place in 
animals. 

However the clinical picture of conjunctival tuberculosis may vary in individual 
cases, the pathology always remains the same. Tuberculous nodules develop in the 
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thickened and greatly infiltrated conjunctiva, which is undergoing papillary prolif- 
eration, that may be recognized readily on the slide through their giant cells. They 
present the appearance of vascular granulation tissue containing giant cells sur- 
rounded by epitheloid cells. Tubercle bacilli are not always to be found easily in 
the sections, they are generally few in number. The tendency to necrosis varies 
much. Caseation begins in the protoplasm of the giant cells and the necrotic tis- 
sue may be seen under the microscope to be surrounded by the exuberant granula- 
tion tissue. The entire tissue breaks down and the tuberculous ulcer is formed. 
The proliferated papillary bodies become great, tuftlike growths. The processes 
of cicatrization vary greatly. 

Although this disease usually starts in the conjunctiva tarsi it may occasion- 
ally begin in the conjunctiva bulbi. 

IV. Origin of Coxgunctival Tuberculosis 

Two possibilities are a priori present: the tubercle bacilli may be carried into 
the mucous membrane by metastasis, or they may be introduced from external 
sources. 

In such a case as this the patient should be examined first for signs of tubercu- 
losis in other organs, particularly the lungs, joints and glands, in addition to the 
lesion in the conjunctiva. When other organs are found to be diseased metastasis 
cannot be excluded with certainty in all cases, especially when the affection is bi- 
lateral, when several isolated patches can be seen in the mucous membrane, and 
when the disease presents the miliary form. Investigators are inclined today to 
ascribe a hsematogenous origin even to lupus. 

But the origin of the infection in a case of conjunctival tuberculosis may be 
ectogenous, even when the patient has other tuberculous lesions. The infection 
may be propagated directly to the conjunctiva from a tuberculous disease of the 
lacrymal sac. Bear in mind that the dacryocystitis which accompanies lupus of 
the face is usually, at least at first, a simple, purulent, nonspecific disease. It is 
also well known that lupus of the skin rarely extends over the margin of the lid to 
the conjunctiva, but on the contrary is accustomed to leave that margin intact. 
Yet in the individual case a direct transmission must still be thought of. It is 
not surprising that the conjunctiva finally becomes infected when tubercle bacilli 
are brought to it continually in the pus from a diseased lacrymal sac. 

In the presence of other tuberculous diseases ectogenous infection of the con- 
junctiva may be produced in various ways. It may be carried by the finger from 
a lupus. It may not seem plausible that a conjunctival tuberculosis, which begins 
beneath the upper lid without a preceding injury, should be ascribed to an ecto- 
genous infection, but when the tubercle bacilli are in the conjunctival sac and the 
necessary susceptibility is present, who can exclude a rubbing of the eye after the 
lapse of so long a time P 

Patients with pulmonary tuberculosis can infect their eyes with tubercle bacilli, 
and it is strange that this does not happen more often, because the sputum fre- 
quently is brought into contact with the eye by means of the hands, or handker- 
chiefs. 

It has been established clinically that in the majority of cases no other signs 
of the disease can be found, and that it is therefore a local tuberculosis. Hence 
conjunctival tuberculosis is usually due to an ectogenous infection, although it 
can scarcely be determined in any particular case in which way the disease origi- 
nated. 
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V. Treatment of Conjunctival Tuberculosis 

These cases demand hospital treatment An attempt must be made first to 
remove the tuberculosis in the lacrymal sac. The nature of the operative pro- 
cedure for this purpose depends on the condition in the nose ; if the bones are in- 
volved a cure is rendered extremely difficult. Conservative treatment with anti- 
septics is useful in the conjunctiva only in benign forms of slight extent. 

The diseased tissue is to be carefully removed and curetted away, and the sur- 
face of the wound is then to be cauterized with the galvanic cautery. This should 
be done in several sittings, in order to observe how the eye bears such operative 
treatment. Cauterization of the sores with concentrated, or 50% lactic acid has 
been recommended. After the pathological focus has been removed in this way 
the loss of great portions of the conjunctiva, together with the attendant cicatriza- 
tion, may result in such sequelae as distortion of the lids and symblepharon, which 
must be treated later. 

Tuberculin treatment of the entire body may be of assistance, but alone it is 
incompetent to deal with conjunctival tuberculosis. 

Lepra is met with in the eye in both the tuberous and the maculo anaesthetic 
forms. In the tuberous form the nodes begin by predilection in the eyebrows. 

25. Diseases of the Plica Semilunaris and Caruncle 

An easily movable, reddish gray tumor, about as large as a pea, can be seen in 
the inner canthus of this young patient, and is still visible between the margins of 
the lids when the eye is closed. After the eye has been cocainized this tumor may 
be seized with forceps and lifted up, when it will be seen to be over the caruncle, 
to be attached thereto by a pedicle, and to bleed freely. The caruncle is a residual 
formation of cuticle and may form the source of origin of all forms of benign and 
malignant growths met with in this region, although the cases are rare. The 
pol3rpoid tumors, the papilloma and fibroma are the most common of the benign 
forms. In the present case the tumor is probably a soft fibroma, the hard variety 
does not bleed so readily. We have already learned that angiomata of the con- 
junctiva may start in the caruncle and the other benign tumors need only to be 
named, the naevus, dermoid, lipodermoid and cyst, they have already received con- 
sideration. The malignant tumors, sarcoma and carcinoma, which are usually 
situated in the conjunctiva near the limbus, occasionally start in the region of the 
caruncle. The sarcomas are usually pigmented and sometimes commence in a 
congenital ncevus. The clinical symptom common to all these neoplasms is that 
they contract the space at the inner canthus, and interfere with the formation of 
the lacus lacrimalis and with the outflow of the tears. The treatment is purely 
surgical ; such a pol3rp as this is removed and its base destroyed with the galvanic 

cautery. 

Aside from these neoplasms the caruncle sometimes displays congenital anom- 
alies of form. It may be partially or wholly absent, as in microphthalmos and 
anophthalmos, sometimes it is very vsmall, sometimes quite hypertrophic, anddupli- 
caturcs have been observed occasionally. The plica semilunaris lies in immediate 
proximity to the conjunctiva and takes part in many inflammations of that mem- 
brane to the extent of becoming reddened ; more rarely it becomes inflamed itself. 
Evcrnlnatch and others have observed it to be the seat of syphilitic thickening, 
as well as of the primary lesion and of the papules of syphilis. The plica can 
also hy{)ertrophy spontaneously, so as to extend to the margin of the cornea and to 
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resemble the nictitating membrane of many animals. It is of more practical in- 
terest to know that foreign bodies may lodge beneath it and cause it to swell ; 
this is to be remembered when an eye is examined in search of a foreign body. A 
lively irritation of the plica semilunaris is excited more frequently by the rubbing 
against it of an eyelash caught in and protruding from the lower canaliculus. 

26. Clinical Picture and Course of Conjunctivitis Trachomatosa 

In order to understand the clinical pictures of this disease it is necessary to 
begin with its fundamental characteristics. 

Trachoma^ also known as conjunctivitis granulosa^ is a wholly specific^ in- 
Jeciious disease of the human conjunctiva^ the Jiature of which is to develop a 
chronic^ inflarmnatory hypertrophy of the mucous viembrane aful to transform the 
portions (^conjunctiva affected into cicatricial tissue. 

This hypertrophy of the conjunctiva, which is brought about by a diifuse in- 
flammatory infiltration of its adenoid layer, manifests itself in two different ways; 
in a proliferation of the papillary bodies, and in the development of trachoma 
granules. These give the conjunctiva a rough, or granular appearance, whence 
the disease has derived its name (rpaxu^^ rough). In most cases these two 
forms of hypertrophy are associated and no separation of the ''papillary" and 
*' coarsely granular" varieties can be made, both appertain to the same disease. 
But the n^me trachoma should be applied only to such diseases of the conjunctiva 
as are able to inflict permanent injuries upon the eye, to those only in which the 
hypertrophy of the conjunctiva ends in the formation of cicatricial tissue, and 
such a differentiation is by no means always easy. First we will study the typi- 
cal picture of trachoma at the height of its development. 

I. Demonstration of Cases in Early Sta^res of Trachoma 

Case 1, Complete Picture of Granular Trachoma 

The eyelashes are glued together in bunches by a tenacious, mucous secretion 
which can also be seen dried on the margins of the lids and at the canthi. The 
patient says that the lids are stuck together in the morning and can be opened only 
with difficulty. This secretion of the trachomatous conjunctiva is of importance 
in the origin and spread of the disease. 

The eye is irritated, the patient blinks constantly and complains of photo- 
phobia, as well as of a feeling of pressure and burning in the eye. 

Although no changes are to be seen in the skin both upper lids appear to be 
voluminous ; they droop over the cornea, evidently move with some difficulty and 
consequently the palpebral fissure is not as wide open as normal. The thickening 
of the upper lid is greater toward the margin of the orbit. When the lower lid 
is examined carefully a slight increase of volume can be detected, but it is much 
less than in the upper one. The conjunctiva sclerse is moderately injected, es- 
pecially in the posterior vessels, and the plica semilunaris is somewhat red and 
swollen. The characteristic changes of trachoma are visible on the conjunctiva 
tarsi and transition fold as soon as the upper lid is everted. The lid is not everted 
as easily as in a normal eye and the difficulty encountered suggests to the expert 
the condition he may expect to find. 

The upper transition fold is enormously swollen and protrudes, presenting 
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several thick folds. It contains rows of granules not evenly arranged, that extend 
nearly from one canthus to the other. These granules are for the most part 
roundish, some hemispherical, some flattened, many fungoid ; they are smooth, 
reddish gray in color, and shine through the membrane. The general appearance 
resembles that of cooked grains of sago, or of frog spawn. The size of the indi- 
vidual granules varies from 1 to S mm in diameter. Analogous prominences are 
to be seen at the place where the transition fold borders on the tarsal conjunctiva. 
Both here and in the transition fold the mucous membrane is arched upward by 
the trachoma granules. 

If this swollen transition fold is pinched between the fingers a gray, gelatinous 
mass escapes from some of the granules which then become flattened. The nearer 
the granules approach the conjunctiva tarsi the more plainly apparent is a change 
in their character. 

Granules are extremely numerous throughout the conjunctiva tarsi, but they 
are much smaller than in the transition folds and are not elevated above the sur- 
face of the mucous membrane, through which they glisten as little, round, yellowish, 
or whitish red spots. This altered demeanor of the granules is due to the fact that 
the conjunctiva over the tarsus is firmly adherent to the subjacent tissue and there- 
fore cannot be forced up so readily. In the later stages of the disease these 
granules do become slightly elevated. Analogous changes are present in the lower 
transition fold and the conjunctiva of the lower lid, but the granules are much 
less developed. This fact is of diagnostic value : the disease usually begins in the 
conjunctiva of the upper lid and of the upper transition fold, and is always devel- 
oped to the greatest degree in that locality. It should be mentioned that the for- 
mation of granules may pass from the transition fold into the conjunctiva scleras 
and even into the plica semilunaris, in which sometimes it may start. 

Case iJ. Preponderance of Papillary Hypertrophy 

We have learned to recognize one form of trachomatous conjunctivitis, but we 
must be on the watch constantly for another. If you will look at the mucous 
membrane in the immedia\e neighborhood of the granules in this case, you will see 
that they lie in a conjunctiva which presents a peculiar velvety appearance. This 
velvety appearance is caused by a swelling and infiltration of the papillary bodies, 
together with an inflammatory infiltration of the adenoid layer. The conjunctiva 
is rough, not from the granules, but in consequence of the development of the 
papillae. Numerous fine, cylindric elevations, closely packed together, are to be 
seen about the granules, especially at the junction of the conjunctiva of the ltd 
with that of the transition fold ; some of them are so large that they surround the 
granules like little warts and make the surface of the membrane very rough. 
Those in the conjunctiva tarsi are much finer and produce its velvety appearance. 

Case S, Thickening of the Tarsus 

In our next case, in which the other changes are analogous to those just men- 
tioned, the thickening is no longer confined to the conjunctiva, but has invaded 
the tarsus. The upper lid is everted with greater difficulty than before, so that 
the expert knows at once that the tarsus is involved and that contraction is to be 
feared. When the lid has been everted its upper part is seen to be thickened and 
protuberant, as well as the transition fold, because the tarsus and subtarsal tissue 
have become greatly infiltrated. 
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Case 4- Well marked Patmus 

Hitherto we have dealt with cases in which the pathological changes were 
confined to the conjunctiva. Our next case presents that which makes trachoma 
such a pernicious disease, the trachomatous disease of the cornea, pannus tracho- 
matosus. The upper half of the cornea is covered by a reddish gray cloud that 
contains numerous superficial, ramifying vessels. The surface of the cornea is 
slightly wavy. It is characteristic of pannus that it comes from above and is 
separated from the healthy cornea by a sharp line of demarcation. The eye thus 
affected suffers great irritation. The papillary hypertrophy and granules are anal- 
ogous to those in the previous cases. 

It can be readily understood that the roughened conjunctiva of the upper lid 
may irritate mechanically the surface of the cornea, and it must not be forgotten 
that the upper portion of the cornea is in direct contact with the diseased tissue, 
especially when the eye is closed. Thus abundant opportunity is given for a 
contact infection, provided that the morbific agent of trachoma can get a foothold 
in the cornea. 

n. Later Stages of Trachoma 

It was stated at the beginning of this lecture that the nature of trachoma 
differs from that of most other infectious forms of conjunctivitis in that no restitu- 
tio ad integrum takes place, but that a cicatricial contraction follows the hyper- 
trophy of the mucous membrane. A few cases will illustrate the stages of this 
change. 

Case 5. Formation of Cicatrices in the Conjunctiva Tarsi 

The first cicatricial stage is presented in this patient. The conjunctiva tarsi 
is cut up into islands of thickened tissue by narrow, whitish, cicatricial bands. 
One band is somewhat broader than the others and runs almost the entire length 
of the lid parallel to and a few millimetres distant from its edge. Granules may 
still be found in some cases, but not in others. The picture may be very differ- 
ent in the two eyes. Relapses, in which the formation of granules is increased 
again, occur not infrequently and as a rule the pannus grows worse when these oc- 
cur in the cicatricial stage. Small, fresh infiltrations appear between the vessels 
in the pannus, or ulcers are formed which persist for a long time and give rise to 
severe subjective symptoms. 

Case 6, GelatinoTis Trachoma 

Here is an old case of trachoma which presents a very different picture. The 
thick swelling of the transition fold looks peculiarly glassy, or gelatinous. The 
follicles have become confluent and granules can scarcely be found. At first the 
reddish gray tone of the fresh granules, or the frog spawn appearance of the older 
ones, disappears and the follicles assume a more faded gray tone, until they are 
finally submerged in the peculiar gelatinous tissue. These are the signs of a grave, 
regressive metamorphosis of the trachomatous conjunctiva. 

Case 7. Trichiasis 

The next patient exhibits a more advanced stage of the cicatricial contraction. 
Even from a distance it can be seen that the upper lid is no longer normal. 
When it is lifted up a little the free margin can be seen to be directed inward. 
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The inner edge is rounded off and the lashes are directed not forward, but down- 
ward and even inward, so that some of them rub against the cornea with every 
movement of the lid. The distorted cilia appear to be stunted and thin. The 
eye is in a condition of great irritation and a pannus has been formed on the cor- 
nea as the result of the constant scouring of the lashes. The cause of this condi- 
tion is revealed when the lid is everted, a manoeuvre that is now so difficult that 
the assistance of a glass rod is needed. The conjunctiva tarsi is seen to be crossed 
by many intersecting cicatricial bands, the larg^ lying in the sulcus subtarsalis 
at the margin of the lid. The upper transition fold still protrudes, but as a 
smooth gelatinous swelling, not fissured and granular as before. Cicatrization 
has taken place. The shrivelled conjunctiva tarsi is contracted and the tarsus, to 
which it is firmly adherent, has lost part of its elasticity and is itself infiltrated 
and thickened. It is at first tensely curved like a bow and finally becomes bent 
at an angle. This condition of the tarsus, together with the rounding off of the 
inner edge of the margin of the lid, causes the lashes to take a more and more ob- 
lique position, and produces trichiasis. 

Case 8. Entropion 

4 

Finally comes the worst case of all, a case of well marked entropion. The 
palpebral fissure is shortened, the upper lid is arched, the cilia have almost disap- 
peared. When the lids are separated the lashes can scarcely be seized, they are so 
stunted. The inner edge of the margin of the lid is almost entirely gone, so that 
the skin seems, to pass directly over into the conjunctiva. The lid can be everted 
only with very great difficulty and then a deep troughlike concavity and contrac- 
tion of the lid comes into view. A white, smooth scar has taken the place of the 
entire conjunctiva tarsi and the transition fold is completely gone. When the lower 
lid is drawn down, vertical, cicatricial cords are to be seen stretching across directly 
to the eyeball, a condition known as symblepharon. The cornea is covered every- 
where by thick, vascular opacities. This case demonstrates the completed trans- 
formation of the conjunctiva into cicatricial tissue, the contraction and abnormal 
curvature of the tarsus, the shortening of the palpebral fissure, the constriction of 
the entire conjunctival sac; it is a case of entropion with trichiasis and distichiasis. 

m. The Most Important Points in the Course of Trachoma 

These eight cases illustrate the most common and most important clinical pic- 
tures of trachoma with which we have to deal. From the standp»oint of the 
patient it is a very serious disease and I shall later deal with its general and social 
importance in civilized countries. At present the most important points in its 
coui'se may be briefly elaborated. 

Trachoma rarely begins as an acute inflammation. In certain cases a sudden 
inundation of the eye with the morbific agents may perhaps occasion a tempestuous 
commencement of the disease in the form of a severe catarrh, but such a case is 
exceptional. It is characteristic of trachoma that it begins» insidiously and follows 
a chronic course. It begins so insidiously that months and even years may elapse 
before the patient becomes aware of the presence of disease. This is the more 
dangerous because these persons can spread the contagion and infect other people. 

In countries, like Egypt, in which trachoma is endemic, many trachoma patients 
are met with suffering from violent catarrhal inflammation, but the great majority 
have been found to be cases of mixed infection in which Koch^Weeks bacilli, or 
gonococci, were present. In our cases the beginning is nearly always chronic. 
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Almost imperceptibly, or with only very slight catarrhal symptoms, the mucous 
membrane becomes rough and uneven in consequence of the hypertrophy of the 
papillae, between which the granules gradually shine through more and more 
clearly. These granules develop first and to the greatest degree in the upper 
transition fold. 

Both mild and severe cases are met with, as might be expected ; this is con- 
vincingly demonstrated by the results of treatment, but the disease generally dis- 
plays little inclination in any way to a rapid, spontaneous cure. The devel- 
opment of the granules increases, they lie in rows in the transition fold, crowd 
forward its protrusion more and more and gradually invade the conjunctiva tarsi. 

This invasion of the tarsus is one of the most serious symptoms. The inflam- 
matory infiltration is most marked at its lower margin where it is perforated by 
vessels passing to the conjunctiva along the line of the sulcus tarsei inferior. The 
infiltration passes along these vessels to invade the tarsus. 

These changes cause the upper lids to droop and produce the blepharoptosis 
characteristic of trachoma. The thickened lids naturally press more and more 
upon the eye and increase its irritation and secretion, but both of the latter depend 
in a great degree on the vocations of the patients. Many weeks and even months 
may elapse before this stage is reached. The condition becomes bad when the 
cornea finally becomes affected. 

The great danger of trachoma lies in the involvement of the cornea. This 
complication begins as a swelling of the upper limbus with a distinct pericorneal 
injection. Then minute, scarcely visible infiltrates appear very superficially in 
the cornea near the limbus and the first little vascular sprouts shoot forth into the 
cornea from the superficial marginal network of vessels. At the same time the 
pupil becomes contracted and reacts to light slowly, while the eyes become photo- 
phobic. If fluorescin is dropped on the cornea in such an early stage little green 
spots can be seen frequently in the epithelium ; they are the precursors of a pannus. 
At this stage the corneal disease may clear up completely. 

In other cases new vessels continue to form and to ramify, new infiltrations 
appear between them, opacities form and blend together and the surface of the 
cornea becomes uneven, producing again the picture of trachomatous pannus, 
which may last a long time on the upper part of the cornea and presents a sharp 
line of demarcation. 

The word pannus means cloth. According to Hirschberg the Arabs called 
the zone of the cornea covered by pannus sebeL When this granulation tissue is 
thin and contains few vessels it is called pannus tenuis ; in this condition pannus 
is capable of undergoing an extensive involution. But in many cases the pannus 
involves the parenchyma and is raised distinctly above the level of the cornea, 
when it is known as pannus crassus. Such a pannus is developed when the lashes 
are bent inward and are caused to rub against the cornea in consequence of an 
abnormal curvature of the lid. 

In very bad cases the entire cornea is covered by pannus, in which all the ves- 
sels do not come from above, but some emerge from below and from each side to 
spread over the cornea. 

It is of considerable clinical importance to know that pannus may begin in 
any stage of the disease, its development depends in no way on the degree of the 
conjunctival disturbance. Kuhnt maintains that the condition of general nutri- 
tion exercises some influence over its production, but it is self evident that the oc- 
currence of this contact infection is determined by the number and nature of the 
morbific agents which act upon the epithelium of the cornea. Pannus appears in 
more than 50% of the cases of trachoma that are not treated. During the course 



110 SEQUELAE OF THE CICATRICIAL CONTRACTION 

of a trachoma oval ulcers may be formed in the cornea which are characteristically 
situated at the margin of the pannus. 

Severe pannus and ulceration of the cornea is often associated with an obsti- 
nate iritis, which is probably caused by the entrance into the eye of metabolic 
products from the trachomatous cornea, and their action upon the iris. 

The danger from trachoma inheres in the visual disturbances that such troubles 
of the cornea are bound to produce. All of these processes are extremely slow. 

The clinical picture changes gradually as the cicatrization and its resultant 
sequelae come more and more into the foreground. The conjunctiva gradually 
loses its roughness and becomes smoother. Red islands of hypertrophic tissue 
exist for a long time upon the tarsus between the cicatricial bands, until finally the 
conjunctiva tarsi has become thin and smooth. In the transition folds there are 
no white, cicatricial bands, but the thick swelling of the fornix becomes flatter and 
flatter and the conjunctiva is shortened until the transition fold has disappeared. 

Sequelas of the Cicatricial Contraction 

If such eyes are not given proper and timely treatment the process of contraction 
advances and quickly produces its results. A series of characteristic sequelse 
develop quite regularly. The upper lid assumes a characteristic bulging form as 
the palpebral fissure becomes shortened. The cicatricial contraction of the conjunc- 
tiva causes the tarsus to become more convex forward, to become ''trough shaped,^" 
and finally to be bent at an angle. This angular bend of the tarsus and the cor- 
responding groove in the conjunctiva are usually to be seen about 3 mm above 
the free margin of the lid, at the place where the sulcus subtarsalis was formerly 
situated. 

The margin of the lid is carried more and more inward by this change in the 
tarsus, and its inner edge, which under normal conditions is perfectly sharp, be- 
comes rounded off, partly by the tension of the contracting conjunctiva tarsi, partly 
by the pressure on the eyeball. This change in the margin of the lid is naturally 
accompanied by an alteration in the position of the lashes ; they are directed down- 
ward and backward, instead of forward, and begin to rub against the cornea with 
each movement of the lid. This increases the irritation of the eye and the thick- 
ness of the pannus. This trichiasis is frequently accompanied by distichiasis. 

Entropion is simply another link in this chain of misfortunes, in which the con- 
traction has become further advanced and the entire margin of the lid has been 
turned backward. 

• The lower lid may be forced away from the eye by the hypertrophic conjunc- 
tiva and may then become entirely everted by a spasmodic contraction of the 
orbicularis. 

The granulation tissue in the pannus undergoes a transformation into a thin, 
opaque connective tissue which is incapable of further involution. In other cases, 
in which the* pannus is very thick and involves the parenchyma, the cornea may 
soften to a certain degree and give way before the intraocular pressure, so that 
various forms of ectasias are permitted to develop. Ectasiae may also be produced 
after ulcers. 

Hand in hand with its transformation into cicatricial tissue the conjunctiva 
loses its ability to secrete and the lacrymal secretion becomes diminished. This 
leads to the saddest ending of trachoma, xerosis conjunctivae. The patients com- 
plain of an increased feeling of dryness ; peculiar dry places that look as if they 
were smeared with fat appear on the conjunctiva and spread continually until the 
condition of xerophthalmos is produced. In such an eye the cornea has become 
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completely opaque, while the epithelium over the pannus is thick, quite dry and 
resembles epidermis. 

Although trachoma is a specific disease of the conjunctiva, it is not rigidly 
confined to this membrane. Eveiy ophthalmologist, who is accustomed to treat 
great numbers of trachoma patients, knows that dacr^^ojystitis is very common 
among them in both the early and late stages. The morbific agents may be carried 
by the tears into the nose and trachomatous changes have been found frequently 
in the wall of the lacrymal sac and in the mucous membrane of tlie nose. In 
exceptional cases trachoma has been known to be present in the lacrymal sac 
while not in the conjunctiva. This is a formidable disease, which demands 
thoroughgoing prophylactic and therapeutic measures. 

27. Etiology, Differential Diagnosis and Pathology of Trachoma 

The demand of ophthalmic science, that only such granular diseases as are able 
to permanently injure the eye shall be called trachoma, is not always to be complied 
with easily and with certainty, especially in the diagnosis of mild cases at their 
commencement. The reason for this is simple. The formation of follicles in the 
conjunctiva is induced by many causes besides the presence of the morbific agent of 
trachoma, and in doubtful cases the diagnosis of trachoma can be pronounced 
positive only when we are able to demonstrate the presence of the morbific agent. 
Unfortunately this cannot yet be done, because the identity of the agent is still 
unknown, though for many years it has been unceasingly searched for by in- 
vestigators. 

I. Etiology of Trachoma 

We know that trachoma is an infectious disease from its appearance in epi- 
demics and its spread among isolated bodies of people and families, when a mem- 
ber has been attacked. In spite of all care a physician may infect his own eyes ; 
Cuignet^ the discoverer of skiascopy, lost an eye through trachoma. 

We know also that the disease is transmitted by the secretion from the tra- 
chomatous conjunctiva, which must therefore contain the morbific agent. Hence 
the cases that have the largest amount of secretion are the most dangerous to the 
persons about them. The disease is usually carried from one person to another on 
hands, or on articles in common use, like washbowls, or towels, which are soiled 
with the trachomatous secretion. It is never transmitted through the air. 

Many patients with trachoma suffer at the same time from other forms of con- 
junctivitis, produced by other pathogenic agents. In this region the blepharocon- 
junctivitis produced by diplobacilli and the acute catarrhs caused by pneumo- 
cocci are met with most frequently, while in Egypt gonorrhoea and the acute 
inflammation produced by the Koch- Weeks'* bacillus form the usual combinations 
with trachoma. These secondary infections are met with so frequently in that 
country that some ophthalmologists have inferred a direct transition from gonor- 
rhoea into, trachoma. 

In the third place we know that trachoma can be communicated to apes. 
Hess and I were the first to perform this experiment successfully. If secretion 
taken from the conjunctiva of a patient with trachoma is placed on the conjunc- 
tiva of an anthixipoid ape a form of disease is produced which corresponds exactly 
with trachoma in the human eye. Follicles appear, an inflammatory hypertrophy 
of the conjunctiva is formed, and the microscopic examination of sections of the 
tissue demonstrate the existence of trachoma. The disease takes a milder course 
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In neglected cases of entropion of the lower lid due to a simple chronic blepha- 
roconjunctivitis there is a certain degree of cicatrization m the conjunctiva imme- 
diately adjacent to the margin of the lid, but it bears no resemblance to the cica- 
trization of trachoma. Granules are absent, but the conjunctiva has a velvety 
appearance due to the swelling of the papillae. 

Scarcely any difficulty attends the diagnosis of cicatricial trachoma, but a sus- 
picious pannus demands rather more attention. In trachoma the pannus comes 
from above and terminates in a horizontal line of demarcation at, or just below 
the centre of the cornea, while cilia that have been given an abnormal direc- 
tion by some other cause, such as a lime burn, may create a pannus by their 
friction. 

Eczematous pannus is the first disease to be excluded in suspicious cases. The 
characteristics that distinguish it differentially from trachomatous pannus are 1, 
its occurrence usually in children, in adults only as a relapse ; 2, the patients so 
afflicted are subject to scrof ulosis and eczema; S, its frequent association in the eye 
with eczematous efflorescences, or ulcers; 4, the conjunctiva is never granular or 
cicatricial, but smooth, or a little velvety in cases of severe chronic catarrh ; 5, its 
situation may be in any part of the cornea. The last is the most important differ- 
ential characteristic for, although eczematous pannus is occasionally localized in 
the upper part of the cornea, it starts irregularly from any point. It is not un- 
common for trachoma to be combined with eczematous diseases of the eye, for 
scrofulous persons may become infected as well as others, and then the differen- 
tiation must be made through the results of treatment. Under such circumstances 
the diagnosis of a mild case of trachoma in an early stage is quite difficult. 

In spite of all the assertions of various authors it seems doubtful to me whether 
there exists a true, acute trachoma. The occurrence of an acute trachoma cannot 
be denied on theoretical grounds, as long as the morbific agent cannot be recog- 
nized and demonstrated easily, for there is no doubt that these agents differ in 
their virulence, and it can be imagined readily that when an eye is inundated 
with such malignant germs an infection may take place with tempestuous symp- 
toms of inflammation. Hence there are authors who recognize a clinical picture 
of conjunctivitis granulosa acuta. 

At first the clinical symptoms are those of an acute conjunctival catarrh. 
Some weeks later granules become visible in the hypertrophic transition folds and 
characteristic changes take place in the cornea ; vascularization from the upper 
marginal network and very fine superficial infiltrations in the upper marginal seg- 
ment. These symptoms gradually merge into the clinical picture of chronic tra- 
choma. I have not yet seen an unquestionable case of acute trachoma, in all 
cases that seemed to be such the bacteriological examination has demonstrated the 
presence of a secondary infection. The various morbific agents of acute con- 
junctivitis produce clinical pictures that resemble that of acute trachoma, and they 
can establish themselves in a trachomatous conjunctiva, so in order to differentiate 
an acute trachoma such inflammations must be excluded as gonococcal conjuncti- 
vitis, the conjunctivitis produced by Koch- Weeks bacilli, pneumococcal conjunc- 
tivitis and, in children, the scrofulous, so called congestive catarrh. The diagnosis 
of acute trachoma should not be made without a thorough, preliminary, bacterio- 
logical examination. While dealing with these suspicious ctises it may be well to 
mention that grave clinical pictures may be produced by acute traumatisms, such 
as those excited by 1, beards of grain beneath the upper lid; 2, irritating pow- 
ders, including the severe form of conjunctivitis excited by caterpillar hairs; »S, 
intentional attempts to simulate the picture of acute trachoma by the introduc- 
tion of snuff, or horse powder, into the eyes. 



114 DIFFERENTIAL DIAGNOSIS OF TRACHOMA 

Differential Diagnosis of Chroitic Trachoma 

The differential diagnosis of a granular affection of the conjunctiva^ which be- 
gins and pursues its course as a chronic disease and in which the characteristic 
cicatrization has not begun at the time of examination, is far more difficult. We 
must consider under what conditions follicles are formed in the eye and how tra- 
choma can be differentiated from the harmless follicular diseases that so closely 
resemble it. 

The numerous follicular diseases of the conjunctiva that are benign, i.e., that 
retrogress without the formation of cicatricial tissue, may be divided into two 
groups. 

When a large number of people with otherwise healthy eyes are examined quite 
a few will be found to have single follicles here and there in the transition folds, 
particularly among the children and among those who work a good deal in artifi- 
cial light, or in dusty places. This condition is known as conjunctivitis sicca. 
There is no secretion from the conjunctiva which is only slightly reddened and 
presents a little papillary hypertrophy at the upper margin of the tarsus with indi- 
vidual follicles near the inner and outer canthi. The prolonged instillation of 
atropin also excites a marked development of follicles in some persons. All of 
these cases are benign, are not infectious and do not transform the conjunctiva 
into cicatricial tissue. They are not cases of trachoma. 

On the other hand we meet with benign, but communicable forms of conjunc- 
tivitis in which follicles are formed. Follicles are to be found in acute pneumo- 
coccal conjunctivitis, and little epidemics of benign follicular conjunctivitis have 
been observed frequently in institutions. In such cases diagnosis is difficult. It 
has been suggested that such diseases may be distinguished from trachoma by the 
presence of the follicles in the lower transition fold alone, but this is not correct, 
because a careful examination will reveal follicles in the angles of the upper tran- 
sition fold as well. It is more correct to say that in the benign forms of disease 
the follicles are smaller and do not invade the tarsal conjunctiva. But this differ- 
ence is not decisive and we must be content in many cases with a diagnosis of 
** trachoma ( ?)/' The subsequent course and the results of treatment will differ- 
entiate the benign forms because they readily get well. 

A few words concerning those forms of conjunctivitis characterized by a papil- 
lary hypertrophy which need to be differentiated from the form of trachoma in 
which the hjrpertrophy of the papillary bodies predominates. In vernal catarrh 
there is a certain degree of roughness of the conjunctiva, but the latter has a 
milky, blue appearance which is not present in trachoma, while the prolifera- 
tions at the limbus are distinctive. The papillary hypertrophy in neglected 
cases of chronic blepharoconjunctivitis with ectropion is distinguished from 
that of trachoma by the absence of follicles. The papillary hypertrophy which 
follows gonorrhoea soon passes away and no follicles are present. The rarer 
X diseases of the conjunctiva, such as tuberculosis and Parinaud^s conjunctivitis, 
do not come into consideration. 

in. Pathology of Trachoma 

That the adenoid layer of the conjunctiva is the principal seat of the tra- 
chomatous disease is proved clinically by the fact that the eruption of granules, 
which marks its commencement, takes place within it. When we look at a 
section of trachoma tissue these granules attract the eye and deserve attention 
first. 
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1. Sections from Fresh Cases of Tkachoha 
A. Anatomy of the Granule 

The grftnides lie in part just beneath the epithelium, in part more deeply em- 
bedded in the adenoid tissue. 

It can be seen at a glance that these granules are spherical aggregations of 
cells, and the generally accepted view today is that they are little lymph follicles. 
The marginal zone of the follicle is differentiated from the centre by the stain. 
The cells in the marginal zone are arranged with a certain regularity, sometimes 



Fig. 19.— Trachoma 

like a string of pearls, about the central portion. The cells are small, round, 
with strongly stained nuclei and are nothing else than lymphocytes. 

In the centre are cells, likewise lymphoid, but quite different. They are 
larger than the lymphocytes and their nuclei are not so strongly stained. They 
have been called epitheloid ceUs because they rather resemble in shape the epithelial 
cells. In fact they are leucocytes, the majority mononucleated, with a few polynu- 
cleated among them. 

A third variety of cell that is regularly found in the trachoma granule should 
be given particular attention. A number of large cells, some stellate, some ser- 
rated or roundish, frequently furnished with long processes, are scattered about 
within the follicle. They contain alt possible inclusions; remains of nuclei, 
brownish masses, residua of blood corpuscles, etc. The question of their impor- 
tance has excited much discussion. The assertion of Addario, that they are 
hypertrophic, fixed connective tissue cells, seems to me to be unauthorized. They 
have been named corpuscle cells by Leber, because of their inclusions, and phag- 
ocytes by Villard. I can confirm the statement of Junius that these cells exhibit 
a sort of amceboid movement when examined in a living condition, taken from 
the fresh contents of a follicle, so they may be called phagocytic cells. These 
cells are not present in such large numbers in the follicles of a.i ordinary conjunc- 
tivitis follicularis. The follicles contain also red blood corpuscles, plasma cells 
and giant cells; all of them lying in the meshes of a fine connective tissue stroma. 

The trachoma granule also contains blood and lymph vessels. The formation 
of a granule evidently begins with an accumulation of lymphoid cells in the 
meshes of the previously existing connective tissue stroma of the adenoid layer. 
Sometimes the connective tissue stroma becomes atrophic when the granules are 
very large, so it frequently appears to be very scanty. 

Another debated question is whether the trachoma granule is enclosed in a 
connective tissue capsule, or not. A connective tissue membrane cannot always 
be made out in the earliest stages of the development of the follicle, but as it be- 
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comes larger the preexisjting connective tissue fibres may be shoved aside and 
pressed together ; whether, in addition to this, the fibres are increased in consequence 
of a reactive inflammation seems to be doubtful. I am unable to convince my- 
self that such a thing takes place ; on the contrary the periphery of the growing 
granule often appears to be relaxed. In most preparations of fresh trachoma 
the demarcation of the granule from the surrounding tissue is not sharply defined. 

B. Changes in the Adenoid Layer of the Conjunctiva 

A diffuse, great infiltration of small cells, chiefly mononucleated leucocytes, 
takes place throughout the entire conjunctiva simultaneously with a vascular hy- 
persemia. The whole of the conjunctiva tarsi is thickened, the papillae are swollen, 
the conjunctiva of the fornix is much folded. Even the tarsus is involved, though 
opinions differ in regard to the manner in which the involvement takes place, 
lliere seems to be no question that the tarsus becomes infiltrated ; tracts of infiltra- 
ting round cells, as well as discrete aggregations of the same, are to be found in 
it. It is also certain that the inflammation is much greater always in the subtarsal 
connective tissue, the adenoid layer, than in the tarsus itself. Even the subse- 
quent contraction of the subtarsal tissue is much greater than that of the tarsus, 
which is slight in comparison. We must therefore suppose that the boat shaped 
curvature of the tarsus is in reality a result of the contraction of the subtarsal 
tissue. The idea has been advanced by Straub that the thick, cicatricial cord, fre- 
quently met with in the groove running parallel to the margin of the lid, represents 
the entire contracted tarsal conjunctiva, which has become retracted toward the 
margin of the lid. Cystic degeneration of the Meibomian glands is met with not 
infrequently in the tarsus. 

Naturally it is very difficult to obtain an examination of the conjunctiva bulbi, 
because we try in every way to preserve it, but it has been proven to contain aggre- 
gations of lymphoid cells which resemble granules, especially near the transition 
folds. 

The changes found in the epithelium are of less importance. They exhibit 
nothing specific, although we must suppose that the morbific agent of trachoma 
first settles upon, or perhaps more correctly, first enters through the epithelium. 
Most of the changes are those met with more or less in other inflammatory condi- 
tions of the conjunctiva. The epithelium may appear thickened by proliferation 
and in the cicatricial stage it assumes a character which resembles epidermis. 

Sometimes there is a distinct increase of the goblet cells, which start in the 
deeper part of the epithelium, rise to the surface and empty their contents. In 
some places the epithelium can be seen to be necrotic. It may become over- 
stretched by the subjacent granules and burst, so as to allow their contents to es- 
cape. A fact that has attracted the attention of all observers seems to me much 
more significant in the etiology of trachoma : the infiltration of the epithelial layer 
with wandering cells. This is well marked in nearly all sections, and it is plain 
that they loosen the normal texture of the epithelium and so favor the entrance 
of the specific trachoma agent into the adenoid layer. 

Under the microscope the pannus of trachoma presents a vascular, very thick 
infiltration of lymphoc3rtes, that extends forward from the margin of the cornea 
between the epithelium and Bowman* s membrane. The latter may be destroyed 
and then the parenchyma becomes invaded. Neither the clinical, nor the ana- 
tomical examination throws any light on the way in which pannus is brought 
alx)ut. Some ophthalmologists believe it to be due to the irritation, produced* 
mechanically by the roughness of the upper lid, others asoribe it to a specific 
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infection of trachoma. Both theories are plausible. We cannot expect to meet 
with follicles in the cornea, because the condition necessary for their origin, the 
adenoid layer, is absent. In old pannus we often see a thickening of the epithe- 
lium that resembles epidermis, or necrosis and ulcerations of the cornea. 

The important question, whether we are able or not to diagnose trachoma by 
the pathological examination, is answered when we examine a slide prepared from 
the tissue of a benign follicular catarrh which recovers quickly under gentle treat- 
ment, without the formation of a scar. Follicles are present and an inflammatory 
infiltration of round cells occupies the adenoid layer, just as in trachoma, and we 
must admit that a positive differentiation between trachoma in an early stage and 
benign follicular conjunctivitis cannot be made in this manner. Yet I am con- 
vinced that the two diseases are separate and absolutely different. As we meet 
with the same kind of follicles in the simple catarrh produced by atropin, we are 
forced to the conclusion that the human conjunctiva reacts to the most various 
bacteriological and chemical irritations with the formation of the same inflamma- 
tory products, and is particularly fitted to do so through its adenoid layer. The 
inflammatory process in the conjunctiva is more marked in trachoma than in the 
other follicular diseases, but until the etiology has been cleared up we shall be 
obliged to define trachoma from the pathological, as well as from the clinical, 
standpoint as the follicular disease of the conjunctiva that results in cicatrization. 

2. Sections from Old Cases of Trachoma 

The several stages through which trachoma passes, with the advancing cicatri- 
zation and contraction of the conjunctiva, may be dealt with briefly. 

Granules of various sizes are found. Their growth takes place in the periphery 
through the entrance of new lymphoc)rtes from the lymph vessels. In the centre 
numerous caryocinetic figures may be seen, as here the cells multiply by indirect 
division. Another stage is represented by the gelatinous degeneration, in which 
the conjunctiva app)ears clinically gelatinized, or hyaline, and the granules seem 
to have disappeared in the thick swelling. The stroma of the granule becomes 
more distinct, while the cells begin to break down and empty spaces to appear. In 
this stage the epithelium also may show a sort of hyaline degeneration.' In other 
cases a layer of tissue that has undergone hyaline degeneration is found beneath 
the epithelium. Meanwhile the infiltrating cells in the adenoid tissue become ab- 
sorbed more and more, and are replaced by new connective tissue. Finally the folli- 
cles break down, and some may become partly absorbed without leaving cicatricial 
changes. Occasionally a follicle will burst and empty its contents into the con- 
junctival sac, but such s[X)ntaneous absorption without residua and such evacuation 
form rare exceptions and have not the importance in the cure and course of trachoma 
which has been ascribed to them by Raehlmann. The majority of the follicles 
undergo transformation into connective tissue. Fine bands of connective tissue 
appear and assume a peculiar, radiating arrangement about the granules. This 
tissue does not come from the lymphoid cells of the marginal zone of the 
granule, which are transformed into connective tissue fibres, as was formerly 
supposed, but is formed close to the vessels that surround the follicle. The cell 
elements of the granules die and are absorbed. Thus the granule first becomes 
enveloped in connective tissue, is crushed by it as it were, and at last connective 
ti^ue begins to form in its interior. The place of the follicle and of the formerly 
densely infiltrated adenoid layer of the conjunctiva is now occupied by a shrinking 
* cicatricial tissue, in which the epithelium has lost to a great extent its cylindrical 
arrangement and is flattened like epidermis. 
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28. Social Aspect, Prophylaxis and Medicinal Treatment 

of Trachoma 

If we would solve correctly the problems that confront us in the fight against, 
and in the treatment of trachoma we must briefly consider the social aspect of the 
disease. 

L Social Aspect of Trachoma 

Trachoma is an infectious disease which seriously endangers the vision of many 
people. The trachoma patient suffers a considerable loss in his capacity for cul- 
ture and business. Children with trachoma are unable to attend school satisfac- 
torily, and are periodically excluded from attendance because of their inflamed 
eyes. The condition of an adult is much worse. When the disease has assumed 
a grave character his vision may be injured, or even lost, and his earning power 
very greatly impaired. 

Trachoma is a serious concern for the community, for the family, the state 
and the nation. The disease once introduced into a family is accustomed to attack 
one member after another. The danger of infection is increased by crowded 
and unhygienic conditions. It is a disease of poor people. Add to this that 
trachoma begins so insidiously and gives rise to such slight symptoms, in very 
many cases, that the infected ones do not know for months, or even years, that 
they are diseased, and that in the meantime they are spreading infection. In 
trachoma mankind has to deal with a malicious fiend. 

Trachoma is particularly grave when it affects persons liable to military duty, 
because it unfits them for army service and may endanger the defensive power of 
the people in many regions. When the trachoma patient finally becomes unable 
to follow his calling, as the result of his disease, provision for his support and care 
must be made by the state or community ; this entails further economic trouble. 

XL Systematic Fight Against Trachoma 

These conditions, togf'.her with a statistical demonstration that the disease was 
spreading in the different provinces of the German empire, led to the adoption of 
a plan, which has the support of the government, for fighting trachoma. In ac- 
cordance with this plan courses of instruction in the recognition and treatment of 
trachoma are given in many eye clinics and other places, especially in the eastern 
provinces, while inquiries are made systematically concerning its spread. Such 
an inquiry is not simple, for the entire population cannot be examined, but a gen- 
eral survey is obtained in three ways. 

1. The ophthalmologists are able to detect any marked increase in the disease 
from the ratio of the number of patients with trachoma to the total number of 
patients with diseases of the eye. 

2. The army surgeons report the number suffering from trachoma among the 
recruits, thus furnishing data concerning the degree of infection in the various 
districts. 

3. A systematic examination of school children has proved the best gauge 
of the spread of the disease, and to this is added the examination of the people in 
different institutions, orphanages, factories, prisons, etc. The facts thus gathered 
prove the necessity that the fight against trachoma must be undertaken by the 
government, and efforts are constantly being made along this line. 



TREATMENT OF TRACHOMA 119 

The most important and efficient measure adopted is the regular control and 
treatment of the children in the infected ^schools by physicians appointed for the 
purpose. It is more difficult to treat regularly persons who do not attend school, 
even though they can be compelled to submit to treatment if they have trachoma. 
The more the people are enlightened concerning the importance of the disease, the 
better will be the prospect of its control. In regions where the infection is most 
prevalent every effort is made to call the attention of the populace to the danger, 
and it is the duty of every physician to teach that the transmission of the disease 
may be prevented by adequate cleanliness. In some places the teachers take part 
in the treatment of the children under the supervision of the physician. 

The decrease of the disease in the Prussian army is an evidence that this sys- 
tematic fight against trachoma may be successful. Trained nurses are employed 
in badly infected districts and the. physicians have special hours of consultation 
for trachoma patients, while grave cases that require operative treatment are re- 
ferred to the clinics and hospitals. But these measures alone are insufficient. 
We must protect ourselves against the continual importation of trachoma by foreign 
workmen, and there are laws that these foreigners must be examined. Yet, in 
spite of all, trachoma has not decreased among us. Elevation of the social posi- 
tion, improvement in the conditions of home life and, above all, education in 
cleanliness must be added to the systematic fight. But this is. and will long remain, 
a vain wish. Social misery is ever present and trachoma will not quickly die out. 

in. Medicamental and Mechanical Treatment of Trachoma 

As soon as the patient has entered the hospital he is provided with a wash basin 
and a towel for his sole personal use, and with two bowls, one containing a 1 : 5,000 
solution of hydrargyrum oxycyanatum, with which he may bathe his eyes occasion- 
ally, the other holding a sublimate solution for the disinfection of his hands. 

No remedy at our disposal is able to kill the hypothetical morbific agent v/ith- 
out simultaneous injury to the tissues, and it remains for the future to discover a 
therapy based on the etiology. Under the guidance of Paul Ehrlich we are on the 
track of specific remedies which will sterilize, without injury to the tissues, organ- 
isms that have become infected with trypanosomata, and in this we may see the 
beginning of such a therapy. But a^ long as such an ideal therapia sterilisans is 
not at our disposal we must be content with other measures. 

The large number of remedial measures that have been recommended may be 
divided into three general classes, the medicamental, the mechanical and the surgi- 
cal forms of treatment. These may be combined one with another and in practice 
the medicamental and mechanical forms go together. The question whether an 
immediate operation is indicated or not arises with each patient. The condition 
of the eyes themselves, the form of the trachoma and the stage of the disease nat- 
urally are to be considered first in making the decision, but the social point of 
view must not be forgotten. In Greifswald the trachoma material consists al- 
most wholly of Polish, or Russian, reapers, who are employed on the large estates. 
It is for the interest of the employer that the workman is not kept too long in the 
hospital and the receipt of letters requesting the discharge of these people is of 
daily occurrence. On the other hand the workman himself is in distress. He is 
earning nothing while he remains in the hospital, and he needs his earnings to sup- 
port his family during the winter months. Hence his claim upon us is well 
founded that we should choose that mode of treatment which will effect a cure most 
quickly. 

Another important point is that we must try not only to make him fit for 
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work again as quickly as possible, but also to choose the mode of treatment best 
fitted, according to our clinical experience, to guard against relapses and reinfec- 
tions. Trachoma tends to relapse, but the degree of this tendency varies with the 
di£Ferent forms of treatment employed. One thing is certain : we can give the 
patient neither an absolute cure and freedom from the agent of trachoma, nor posi- 
tive immunity. He is usually exposed to reinfection as soon as he returns to his 
infected dwelling and to association with trachomatous comrades. 

Immediate surgical treatment is indicated 1, when a blepharospasm, a spas- 
modic contraction of the orbicularis, is present so as to render treatment of the 
trachomatous conjunctiva verj- difficult, whether the palpebral fissure is shortened 
or not; 2, when the lids are already in an abnormal position, practically when 
trichiasis and entropion are present ; 3, when the lacrymal passages are diseased. 

An obstinate blepharospasm must be relieved by a canthoplasty. otherwise it 
will delay the healing of the fundamental disease. Disease of the lacrymal pas- 
sages demands surgical inten^ention for the same reason and as a rule nothing will 
serve except extirpation of the lacrymal sac. The presence of an entropion is even 
more strongly a positive indication that the treatment of the trachoma should be 
commenced with a surgical operation. 

But when the first examination reveals no such condition in need of correc- 
tion, the question again arises whether immediate surgical treatment of the con- 
junctiva is, or is not, indicated. The decision now depends on the stage of the 
trachoma and the condition of the diseased conjunctiva. One should become as 
proficient as possible in the most important methods of treating trachoma and 
should learn what each accomplishes, as well as to what forms and stages of the 
disease they are severally suited. 

Medicamental Therapy of Trachoma 

The first and most important object of medicamental treatment is to check the 
infectious secretion. Many patients seek relief simply from the abundant secre- 
tion, which may be viscid, mucous, or purulent, especially in the first stage of 
trachoma. The best means to control it is a 1 or 2% solution of silver nitrate ap- 
plied to the conjunctiva and then neutralized with salt and water. After such an 
application the patient is given a bowl of cold boric acid solution, with which to 
cool and wash out his eyes as long as the irritation produced by the silver lasts. 
The eyes are then cleansed and irrigated by the nurse several times during the day. 

During the evening sublimate vaseline (1 :10,000) is applied to the margins 
of the lids and the neighboring skin, to prevent the sticking together of the lids in 
the morning and to protect the skin against erosions and soiling by the secretion. 
Patients should never be given the solution of silver nitrate to use at home because 
of the danger of argyrosis, which gives the eyes an extremely ugly appearance. 

In many cases the increase of the secretion is due to mixed infection. In Ger- 
many trachoma is quite apt to be associated with the chronic blepharoconjunc- 
tivitis produced by diplobacilli, which may be recognized by its characteristic livid 
discoloration and inflammation of the canthus. In such cases frequent washings 
with weak solutions of zinc sulphate are indicated, and the sublimate ointment is 
replaced by a zinc ointment (zinc sulphate 0.04:10.0). 

Trachoma patients exhibit very different degrees of tolerance toward silver 
nitrate. Sometimes the irritation produced is very severe ; then a perfectly neu- 
tralized solution of lead acetate ( 1 : 100 or 1 : 200) may be employed. This should 
always be washed out again with water and must never be used when any corneal 
ulcer, or a commencing pannus, is present, because little, insoluble deposits of lead 
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are formed in the tissue wherever there is a loss of substance, or a defect in the 
epithelium, and remain as permanent opacities. 

Tannic acid, 0.1 : 10.0, may be used instead of silver in cases with a modierate 
degree of secretion, but I have seen no results from the use of the much praised 
protargol in trachoma. 

After the secretion and the swelling of the conjunctiva have receded somewhat, 
the granules come into view more distinctly and the time has arrived for the 
mechanical treatment, which may be combined with the medicamental. The 
means at our disposal for this purpose are 1, massage of the conjunctiva; 2, the 
copper stick ; 3, the alum stick. 

1, Medicamental Massage in Trachoma 

The procedure recommended by the Keining brothers is as follows : After the eye 
has been cocainized the lid is everted and the diseased conjunctiva is rubbed until 
it begins to bleed with a bit of absorbent cotton dipped in a 1 : 2,000 sublimate 
solution, or a 1 : 1,000 solution of hydrargyrum oxycyanatum. The eye is then 
bathed with boric acid solution and some cocain ointment is introduced to relieve 
the pain. Forceps wrapped with cotton may be used to enter the niches in the 
conjunctiva, which is an important part of the procedure. The harder the fol- 
licles, the harder must be the rubbing, but more care should be exercised when 
the conjunctiva is softened. This procedure is used extensively, not only in tra- 
choma, but also in the treatment of harmless follicular diseases. The massage 
should be repeated as soon as the little superficial crusts which are produced 
have been thrown off. When carefully performed the massage may be repeated 
daily. 

This massage is indicated from two points of view, first to produce a disinfect- 
ant effect upon the morbific agent, second to excite an absorption of the follicles, 
many of which are evacuated during the massage, by the irritation mechanically 
produced. It is self evident that superficial injuries of the conjunctiva result, 
but such are unavoidable by any means of mechanical therapy and are insufficient 
of themselves to condemn the procedure. We have only to consider whether the 
reaction excited by the mechanical irritation hastens the spontaneous cure of tra- 
choma. 

The advantages of this procedure are, that it is very simple and easily per- 
formed, that the contraction of the conjunctiva is unimportant, and that it can be 
used in ambulatory cases. But these are offset by serious disadvantages. The 
treatment has to be continued for a long time, in obstinate cases for months, and 
it affords no protection to the patient against a relapse, or a reinf^tion. Kuhnt 
has demonstrated this in many cases, and I believe he is right. Hence the use 
of massage is limited to mild cases that can come for treatment continuously, 
and to those in which its use follows operative intervention as an after treat- 
ment. 

In another form of massage a ball provided with a glass stem is introduced be- 
neath the lid, which is then massaged by counterpressure with the thumb, after 
sublimate vaseline has been applied. The transition folds may be rubbed back 
and forth horizontally with the little spatula of Ottawa^ after the lid has been 
everted, and then, after the lid has been allowed to return to its normal position, 
the conjunctiva may be massaged. These methods, in my opinion, are less effi- 
cient than the massage with cotton and sublimate, but a're useful to supplement 
other methods of treatment. The most useful application of massage is in the 
treatment of trachomatous opacities of the cornea. 
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*. The Copper Pencil 

Next t» ntMMftP the most iniportniit remedy of this class is cupric sulphate in the 
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against infection only by the most painstaking cleanliness, and when infection has 
once taken place it can be removed only in mild cases and by timely treatment. 
Because of this impotency great patience and energy are demanded from both the 
physician and the patient, and these are apt to be limited, so far as the patient 
is concerned, by the financial means. I do not share the optimism of those who 
anticipate the early prevention, or suppression of this disease by medicolegal 
measures, yet we must not falter. In the fight against trachoma we cannot spare 
the medicamental treatment. 



29. The Operative Treatment of Trachoma 

We meet with cases of trachoma in which we have no choice but to operate at 
once. Marked blepharospasm, entropion and disease of the lacrymal sac must be 
removed before the trachomatous conjunctiva can be treated either medicamentally, 
or siu'gically. Hence I shall deal first with measures to obviate these conditions. 
They include the enlargement of the palpebral fissure, the extirpation of the lac- 
rymal sac and the operations for entropion and trichiasis. 

Blepharospasm in Trachoma and Its Remedy 

Very many trachomatous patients suffer from an obstinate blepharospasm, 
excited by the constant irritation of the inflamed conjunctiva, which causes severe 
subjective suffering, and at the same time favors the development and extension of 
pannus by the interference with the nutrition of the cornea produced by the in- 
creased pressure of the lid upon the anterior portion of the eyeball. In addition to 
this it aids in many cases the development of entropion. The spasmodic contrac- 
tion of the orbicularis promotes the rounding off of the inner edge of the lid and 
a faulty position of the eyelashes, especially when the tarsus is diseased, softened 
and infiltrated, thus commencing a process which is finally completed as entropion 
by the cicatricial contraction of the conjunctiva. 

Blephcurospasm also facilitates the appearance of excoriations at the outer can- 
thus, in consequence of the constant irritation produced by the increased secretion 
and lacrymal fluid. These in turn excite spastic contractions of the orbicularis 
and together they bring about a phimotic shortening of the palpebral fissure, which 
is accelerated by the contraction of the tarsus and conjunctiva. The blepharospasm 
must be corrected first, if we would make any progress therapeutically, whether 
the palpebral fissure is shortened or not. I no longer try to control it by instil- 
lations of cocain, or other medicamental means. The only way in which to obtain 
any real benefit is by an operative enlargement of the palpebral fissiu^. If a 
trachoma patient has dacryocystitis the lacrymal sac should be extirpated, like- 
wise as a preliminary step. Entropion and trichiasis must also be corrected be- 
fore other treatment is commenced. These operations will be dealt with in our 
studies concerning diseases of the lids. 

The Operative Treatment of the Trachomatous Coi\jimctiva 

The principal methods employed in the operative treatment of the trachoma- 
tous conjunctiva are 1, the galvanic cautery; S, scarification and curetting of the 
conjunctiva; 3, expression of the granules; 4, excisions. 
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In the former, after thorough cocninization and eversion of the upper lid. one 
bliide of Knapp's roller forceps is placed between the conjunctiva sclera? and the 
lid, the other on the everted surface of the latter. The blades are then pressed 
together and drawn several times over the same place. The soft, intiltrated masses 




Fig. 21.— Knapp's Roller Forceps. 



of tissue are thus crushed between the rollers. Everj- jxirt of the diseased con- 
junctiva that can be reached is thus treated, special attention being paid to the 
outer and inner comers. The conjunctival sac is then washed out, an ointment 
applied and the eye bandaged for some hours. 

4. KiihiiVs E-rpremtion 

In Kuhnt'x operation n honi-plntc is placed beneath the everted upper lid and 
a large number of punctures are made in the tarsus, particularly at its convex 
margin where the thickening is greatest. One blade of the expressor is then in- 
troduced into the transition fold and the otiier placed on the conjunctiva tarsi. 



Fig. 22.— Kuhnt's Expressor. 

The blades are then pressed together with considerable force, so as to cause the 
expression of gelatinous masses together with the contents of the granules. 

These methods likewise have certain indications. Grave cases with gelatinous 
degeneration must not be treated in this manner, and the thickening of the tarsus 
must not be too far advanced. They must also be supplemented with medica- 
mental treatment. They are particularly to be recommended in cases of native 
bom patients who have become infected through foreign workmen, but live sepa- 
rately from them. In grave cases, and in thecases of foreign workmen who return 
to associate with infected comrades, excision is preferable. With these we enter 
the field of the specialist, for the proce<lures hitherto described may be practised 
very satisfactorily by the general practitioner. 

5. The E.rci.tion Opcratiwts 

The training of a specialist is necessary to leam the technique, and still more 
the indications for the three operations about to be described, but they should be 
known to every practitioner. Our trachoma material increases year by year, hence 
I am able to demonstrate these operations, in the technique of which I was in- 
stiTicted by my friend, r. Blaskovicz of Budapest. 



SIMPLE EXCISION 



The Simple ExciMon 



When the trachoma has seriously invaded only the transition folds, and the 
patient has not sufficient time at his disposal for a mechanical, or medicamental 
treatment, simple excision of the transition folds may be performed. In these 
cases the convex margin of the tarsus must not be thickened or infiltrated. 

After the subconjunctival injection of cocain the transition fold studded with 
follicles comes forward, and the sharp line of demarcation between the diseased area 
and the healthy conjunctiva sclertecanbe plainly seen. The convex margin of the 
tarsus is seized with two pairs of forceps and an incision is made in the healthy con- 
junctiva sclersB, close to the line of demarcation, from the outer to the inner can- 
thus. The wound immediately gapes and the conjunctiva scleree retracts, so as to 
allow the bluish appearing MicellcT's muscle to appear. Several sutures are then 
introduced carefully through the margin of the scleral conjunctiva, which is slightly 
undermined. A second incision is made separating the transition fold from the 
tarsus. The diseased transition fold is seized at the inner canthus, dissected free 
from the subjacent tissue with scissors and removed. The needles are then passed 
through the margin of the tarsus and the sutures tied. The conjunctival sac is 
washed out and the eye bandaged. If the margins of the wound have been ac- 
curately coapted no granulations form and only a slight scar is left Improvement 
follows quickly when this operation has been performed on cases to which it is suited, 
and even a commencing pannus may pass away rapidly after the removal of the 
granular masses in the transition fold. But Uie operation accomplishes nothing 
if the tarsus is involved in the infiltration. In such caaes a different procedure 
is required. 

The Cfnnfnjted Excision 

In this operation the diseased transition folds and a part of the infiltrated and 
thickened tarsus are removed together. The procedure is as follows: 

The first incision is made as before, in healthy tissue close to the line of de- 
marcation between the diseased transition fold and the healthy scleral conjunctiva; 
the wound gapes and the scleral conjunctiva retracts. Three sutures are then in- 



FlG. 23.— JKger's Lid Plate. 

troduced at the margin of the scleral conjunctiva. The needle carrying the 
middle suture is passed from the wound outward through the conjunctiva close to 
its edge, and then passed back from without inward at a horizontal distance of 
2 mm thus causing the loop of thread to lie on the epithelial surface of the con- 
junctiva. The other sutures are inserted in the same way in the outer and inner 
thirds of the margin of the wound. These sutures are now held firmly in the hand 
and traction made upon them while the convex margin of the tarsus is drawn up- 
ward and the scleral conjunctiva is dissected far down with scissors. Now comes 
the second step of the operation. Jaeger's plate ia placed beneath the skin sur- 
face of the singly everted lid, the margin of which is pressed firmly upon it with 
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the first two fingers of the left hand, or the margin of the lid may be seized with 
Bloemer^s forceps and the tarsal portion of the lid kept tightly stretched. How 
much of the diseased tarsus we should remove depends on the nature of the case, 
the severity and extent of the trachoma. The incision through the conjunctiva 
and tarsus joins the inner and outer ends of the first incision by an almost 
straight line running parallel to and 2.5 to 8 mm from the margin of the lid, 
and delimits the entire piece of diseased conjunctiva and cartilage. This must next 
be dissected up without injury to the orbicularis, or to Mueller'' s muscle. The 
inner end of the tarsus is lifted up with forceps and dissected free from the orbic- 
ularis, then the separation of the conjunctiva in the transition fold is completed 
and the tarsus is parted from the insertion of the smooth muscles. The piece 
removed measures about 2.5 cm long by about 1 cm broad. Everything depends 
now on the exact coaptation of the loosened conjunctiva sclerse with the cut edge 
of the cartilage in order to close the wound. 

The middle suture is drawn downward and forward, after the patient has 
opened and closed the eye a few times. The margin of the lid is seized with for- 
ceps at the place where the suture appears beneath it, is lifted up somewhat, the 
point of the needle is slid along the forceps over the conjunctiva of the stump of 
the tarsus until it glides over the cut edge of the tarsus, and is then passed 1 mm 
higher through the lid from within outward. The other sutures are similarly 
inserted in a radiating direction. The margin of the lid is lifted up again, that 
we may satisfy ourselves that no folds have been formed in the conjunctiva, and 
then the sutures are tied quite loosely. The sutures may be removed at the end 
of three or four days. 

This operation also should be performed only on selected cases. It is indicated 
in those forms of trachoma which exhibit a marked infiltration of the tarsus in 
addition to the development of granules and hypertrophy of the mucous mem- 
brane, particularly when the cornea is involved. The operation may be advisable 
even when the cornea is still intact, if it seems to be threatened by an extensive 
disease of the transition folds. The conjunctiva sclerae must be healthy and show 
a sharp line of demarcation from the diseased tissue. 

Many objections have been made to such a sacrifice of the conjunctiva and a 
large part of the tarsus. One that has been raised is that ''by it tissue is sacrificed 
which would not be completely destroyed by the disease'' {Scemisch). It has been 
urged that symblepharon has resulted in not a few cases. Reciurences have also 
been observed to take place after it had been performed. But clinical experience 
has proved that the proper use of this operation marks a great therapeutic advance. 
One must have seen how beneficially these operations can act in order to become 
an advocate. In grave cases of trachoma the tarsus gradually undergoes a degen- 
eration and contraction which in turn inflicts serious injury upon the eye, and the 
principal focus of the infection is removed with the transition fold. On both of 
these grounds the objections to the operation are weak. Then consider that the 
course of the disease is shortened very much in the majority of cases ; that after 
the excision pannus clears up very rapidly ; that the development of entropion is 
prevented ; and finally that observations indicate that relapse is guarded against 
in a large proportion of the patients operated on. It may be said that about 50% 
of the grave cases of trachoma may be improved or cured by this operative 
measure. 

Like most operations this one has its disadvantages. Complications may 
occur. Above all it is necessary to keep rigorously within the indications for the 
operation of excision, to reserve it for grave cases, and to perform it with thfe ut- 
most exactitude. 
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Enucleation of the Tardus 

Kuhnt'H o|K»rfttion of enucleation of the tarsus is of service in cases of cicatri- 
ciril tnichoniii with advanced degeneration and abnormal curvature of the tarsus. 
AfU?r t»v<T»ion a plate \n placed beneath the skin surface of the lid, the margin of 
which IH drawn firmly upward. An incision is made parallel with and close to 
the margin of the lid through the conjunctiva and tarsus. The conjunctiva re- 
(H*di*M Momewhat, and the lower surface of the tarsus is separated from the connect 
live* tiMNiH* aH fur an the convex margin. The tarsus is then seized and separated 
from th<' conjunctiva, but usually a small strip of the latter remains attached. 
Wlu'h thii4(liHNC'ction haHbt»en carried as high as the upper border of the tarsus the 
iiiNcrtioii of tfu» Kaator pal{)ebr«c is divided, beginning at the inner canthus, and 
IIm* c'Xciwd |M)rtion in removed. The conjunctiva is then sutured to the cut margin 
of ilio larMUH, Not only is blopharoptosis lessened, but entropion and inversion 
of the hiAwH In corrected aiul v, liUifthwkz considers that the greatest advantage 
aiTord(*d by thJH operation is its effect on trichiasis. The o[)eration is indicated 
when the conjunctiva is wholly, or in great part cicatricial and the tarsus is so 
thickened or cliMloiied m to produce an inversion of the cilia, an entropion with 
trichiaNiM, 

Tlie nhort time at (HirdiMposal for the consideration of trachoma is insufficient 
for exlmuniive iuNtruction in its tivatment, or for more than a general sur\'ey of the 
Huhject. Trachoma varien in malignancy, form and duration in different regions. 
ItN characti'r and curability vary to an extraordinary degree. One therapy does 
not k\o tor all cases. (-hoicT must be made from the various measures in thearma- 
mentariiun by every one who practices in a trachomatous region. The subject 
may Ik» clom»A with the golden wonls of Kuhnt^ our best authority on trachoma: 
'"lla* chief pix»ivpt of thera|K*U8is demands careful individualization. The physi- 
cian slutuld tivat nocontvpt of diseasi' vsc^hematically, but organs in a certain stage 
of disease with w^gard to their natural relations with other organs, with the entire 
sick man, and the tlejK^ndenw of the latter on external conditions. If this truth 
should U^ lH>rne in mind anvwheri', it should be in the treatment of trachoma."' 

30. The Benign Follicular Catarrhs of the Conjunctiva 

Wo have i^tmsidennl in tletail the ilevelopment and importance of the follicle 
in iHnuuvtion with trachoma, but« as we meet with follicles in harmless diseases of 
the eye* it is desirable for <Uagnostic rtvisons that thesise harmless follicular diseases 
sluuild U* brietiv i^onsidennK 

IVnigu, iU' liana less ftUlicular diseast^s of the ix>njuuctiva are those in which 
f\dlieU^s form as in trachoma, but tUs^i p()ear without having caused cicatrization. 
This iUHTeivutiatiou must U* tinnly tixi^tl in mind. 

The iliffeivntv U^twtvu tmchoma aixd btnugn ci>njunctivitis follicul2uri$ is the 
moiv ivmarkable inasmuch as the follicles have the same anatomical structure in 
%*ach diM\Hs%\ 'Hh^ follicU^^i aix^ situatixl in the adenoid IsHver of the conjunctiva 
and iH^usist of l>mphoid ivlls^ lyuiplKH^ytes and leuciKvtes, which lie discretely 
emh^HUUxt in a tine ^\mnwti\e tissue shvma without a tirm caji^ule. In both 
disea>*vs tth^v elevate s^mivwhat the epitheli^d layer. 

Yet th^* iXHUN^* aiul teruuuation of the t^^o di^^ciiJes arv so different that we 
must iHUtsider th^nn ess^^ntiHlly unlike* It is true thvit the diai^nociis cannot be 
made witti ivrtaiutv in all cas^^ a^ loiii^- a< the a^'»tt v>f triehinna cannot be rccog* 
ui^eiU and thut ti\N(uvHUy tln^ vluKivuti.^tu^n ct:i Iv uuule only by the course and 
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the results of treatment. The conclusion that the mucous membrane reacts to 
various influences with the formation of the same product may be drawn from the 
fact that the same follicles appear in two such different diseases. The specific 
influence of the disease itself finally settles the termination in each case either in 
cicatrization and destruction, or in restitutio ad integrum. 

I 

There are several groups of conjunctival troubles in which such follicles are 
formed. 

Group 1; FoH}cles in Acute Catarrhal Conjunct'witis 

Follicles may appear in the conjunctiva during the course of many acute infec- 
tious inflammations of the conjunctiva, such as a pneumococcal inflammation, or 
the conjunctivitis caused by the Koch-Weeks bacillus, usually after the abatement 
of the acute inflammatory symptoms. They appear as a number of smooth, 
whitish red prominences varying in size from 1 to 3 mm, usually situated in the 
lower transition fold, where, if few in number, they are gathered together about 
the canthi. They are to be found more rarely in the upper transition fold, but it 
is incorrect to maintain that they appear only in the lower transition fold in be- 
nign folliculosis. Their formation may extend from the lower transition fold into 
the plica semilunaris. Swelling and hypertrophy of the papillse are present in 
addition to the follicles. Folliculosis can also be met with in the course of simple 
chronic catarrhal conjunctivitis and in other forms of inflammation that owe their 
origin to the most widely different agencies. 

Group iS; Harmless Folliailosis in School Children 

In many school children the conjunctiva bulbi is very slightly reddened, the 
vessels fairly distinct only in the periphery toward the transition folds, the con- 
junctiva tarsi is moderately red, not thickened, and allows the Meibomian glands 
to shine through distinctly. In the lower transition fold lie little rows of follicles, 
particularly dense toward the canthi. The eyes are absolutely unirritated; the 
majority of the children are unaware from their sensations that they have any 
pathological changes in their eyes. This absence of symptoms is directly dispro- 
portionate to the marked development of the follicles. 

Greeff Siud Mey we ffh&ye shown that these follicular diseases are not communi- 
cable. Yet these *' school follicles" are very often mistaken for trachoma. This 
form of folliculosis is met with very frequently ; it spreads almost like an epidemic 
in schools and among the inmates of orphan asylums, barracks, etc. 

The origin of this follicle is evidently to be ascribed to chemico-physical in- 
juries. School children remain for hours in rooms the air of which is not unob- 
jectionable, to which is to be added overexertion and a special predisposition 
among young people. Wherever numerous individuals are cipwded together, as 
in schools, a moderate amount of this folliculosis may be expected. School physi- 
cians should be careful with their rigorous measures, such as closing the schools, 
when dealing with this condition. 

The question has arisen, in view of their frequent occurrence, whether follicles 
do not preexist in the normal conjunctiva. This has not yet been definitely de- 
termined. Some authors recognize physiologically embryological rudiments, 
others have been able to find no lymph follicles in the normal conjunctiva. 

Some ophthalmologists think that other benign chronic folliculoses exist which 
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are infectious. The condition is bacteriologically negative and it must be supposed 
that in addition to the agent of trachoma, which excites its specific disease, there 
are other germs, belonging perhaps to the same group, which excite these benign 
and infectious follicular diseases. Axeiifeld obtained on his own conjunctiva 
a slight foUiculosis that healed spontaneously, through inoculation in an endemic 
in an orphan asylum. The question concerning such agents of endemic, benign 
follicular diseases, so far as they do not appear as annexed to known infections, is 
still open. 

A third form of harmless foUiculosis sometimes appears in patients who have 
been treated with atropin for weeks and have borne the drug well. It starts with 
a sharp conjunctivitis in which no bacterial cause can be detected. The lids are 
somewhat swollen, there is a moderate dermatitis at the inner canthus and the lac- 
rvmal secretion is increased. Rows of follicles lie in the lower transition fold. 
The conjunctiva itself has a peculiar rose red, or yellowish appearance. The pro- 
longed use of atropin has finally excited in the conjunctiva a reaction associated 
with foUiculosis and inflammation of the skin of the lid. It is called atropin 
catarrh, but the same foUiculosis may be excited by the use of eserin, or of unguen- 
tum hydrargyri oxidi rubri. When the remedy is used in only one eye, the fol- 
liculosis is confined to that eye. These examples show the idiosyncrasy of the 
conjunctiva to chemical poisons. 

n 

How can these harmless folliculoses be distinguished from trachoma ? A posi- 
tive differentiation cannot be made at an early stage until we are able to demon- 
strate the agent of trachoma with certainty and ease. Until that time arrives 
many of these cases will need to be designated "trachoma ( ?)" and we shall have 
to wait for the course of the disease to clear up the diagnosis. 

Recovery is delayed even in the harmless follicular diseases by the presence 
of the follicles, but yet takes place much more quickly than in trachoma. Two 
symptoms are characteristic of the benign follicular diseases : The follicles undergo 
complete involution and leave not a trace of cicatricial tissue, and the deeper tissues 
of the lids, the tarsus, and the cornea remain perfectly free from the diseases we 
are accustomed to meet with in them in trachoma. The prognosis of conjuncti- 
vitis foUicularis is good. 

ni. Treatment of Benign Follicular Diseases 

In atropin catarrh the use of the drug is discontinued ; follicles that appear in 
the course of an acute catarrh disapjjear under the ordinary treatment. In the 
other ciises, particularly those of school children, bathing the eyes with boric acid 
solution will suffice, but in obstinate cases we may use 1, instillations of hydrarg. 
oxycyanat. 1 : 2,000; 2, the alum pencil, with which the follicles are wiped two or 
three times a week; 3, gentle massage with cotton wet with sublimate 1 : 1,000 
applied in the same way as in trachoma. 

31. The Clinical Picture of Keratoconjunctivitis Eczematosa and 

its Connection with Scrofulosis 

Sometimes the opinion is frankly expressed that it is really unnecessary for the 
general practitioner to study ophthalmology. The public itself demands the treat- 
ment of a specialist in diseases of the eye and there is not much left, therapeuti- 
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cally at least, for him. Therefore, without special training, he can be of the best 
service when he sends all eye cases as quickly as possible to the specialist. There 
is some truth in these criticisms, for, with the increasing development of special 
lines and the growing differentiation of medical work, the demand of the public 
for treatment by specialists is steadily growing louder. The limits to which the 
general practitioner is confined, in the therapeusis of the eye, are narrow. Yet it 
is necessary that he should be familiar with ophthalmology. He needs to be 
able to recognize the most important diseases of the eye, and he can accomplish 
much good, even therapeutically, when he has learned to treat certain diseases 
of the eye independently. One of the most important, as well as most frequent, of 
these diseases is keratoconjunctivitis eczematosa, which is to be seen in some of its 
manifold manifestations almost daily in most clinics. 

This is a specific disease of the surface of the eye which affects both the cornea 
and the conjunctiva, as its name implies, and very frequently appears at the place 
where the conjunctiva joins the surface of the cornea. Sometimes the cornea alone 
is involved. It differs fundamentally from the other diffuse inflammations of 
the conjunctiva, in that it is discrete in character and never involves more 
than a portion of the surface of the eye. Hence conjunctivitis eczematosa in 
its pure form is not accompanied by an abnormal secretion, like that met with 
in diffuse inflammations. Just as the follicle and the process of contraction are 
clinically diagnostic in trachoma, so the nodules form clinically the fundamental 
characteristic of keratoconjunctivitis eczematosa, but the nodules differ in appear- 
ance as they are situated on the conjunctiva, or on the cornea. They should there- 
fore be studied carefully, and we will begin with the efflorescences that appertain 
to the conjunctiva. 

I. Study of the Efflorescences in the Conjunctiva Bulbi 

When the bulbar conjunctiva is the seat of the disease the nodules may appear 
either at the margin of the cornea, exactly in the limbus, or more peripherally in 
the conjunctiva bulbi proper. 

Cases from Group A. 

The simplest type of conjunctivitis eczematosa is the solitary efflorescence at 
the limbus. This child's eye is normal except for a roundish, or oval, whitish 
gray nodule about as large as the head of a pin at the margin of the cornea, which 
is distinctly elevated above the surrounding surface. Some hyperaemic vessels of 
the conjunctiva form a triangle with the nodule at its apex. The rest of the con- 
junctiva is perfectly well, and the discrete character of the disease is plainly 
evident. 

Even in the most modem textbooks, this formation is called a phlyctaena, 
and the disease conjunctivitis phlyctaenulosa, names bestowed many years ago, 
but which are erroneous ; phlyctaena means vesicle, while this efflorescence is not a 
vesicle, but a subepithelial nodule. It consists of a heap of round cells beneath 
the elevated epithelium, with which it is in close contact. Toward the centre 
the cells often increase in size so much that they may even resemble giant cells. 

This nodule shoots up very rapidly at the limbus, presses up the epithelium 
and attains its growth in a few days. Then its upper surface softens, the epithe- 
lium is partially thrown off and a little ulcer with a whitish gray base \a formed, 
still above the level of the conjunctiva. These ulcers usually get well very quickly, 
Bxe covered by fresh epithelium, the infiltration is absorbed, the nodule disap- 
pears completely and the injection of the conjunctival vessels passes away. No 
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trace remains at the end of from eight to fourteen days, for these efflorescences heal 
without permanent damage to the eye as long as they are not situated on the cornea. 

Manifold variations of this, the simplest type of conjunctivitis eczematosa are 
met with. In the first place the nurnber varies. A patient may exhibit two 
nodules at the margin of the cornea, each with its own injection of the conjunc- 
tiva, or three, when the injections run together somewhat, or the number may be 
very great, when the injection of the conjunctiva is reticulated and diffuse, so that 
the entire eyeball looks red. The more numerous the nodules the smaller they 
are ; this leads to the fact that they vary not only in number but also in size. 

Another patient has a single efflorescence at the margin of the cornea which 
is nearly as large as a lentil. Such nodes are designated as broad marginal efflor- 
escences. They are more obstinate in their course, require a longer time for 
ulceration and absorption, and are accompanied by a much greater hyperaemia. 
Such nodes are met with rarely. 

The picture in the next patient forms a striking contrast ; the efflorescences 
are extremely small, so that they give the entire limbus a granular appearance, and 
the conjunctival injection is very great. In such cases the nodules are very 
numerous, and it may be noted again that the smaller they are the greater is their 
number. They may be so small that they can scarcely be perceived with the naked 
eye while the entire limbus seems to be raised. We call this form of eczematous 
conjunctivitis '*sand grain (sandkomformige) efflorescences." 

Cases Jrom Group B. 

The nodules in keratoconjunctivitis eczematosa vary not only in their number 
and size, but also in their situation. They may appear at a distance from the 
limbus in either the conjunctiva, or the cornea. Here is a case in which a large 
efflorescence of this nature is to be seen in the conjunctiva at a distance from the 
limbus, surrounded by a marked injection. The stage of an eczematous efflor- 
escence should be recognized at a glance. In this case the ulceration of the sur- 
face is easily to be seen. Such a case, in which the elevation of the conjunctiva 
bulbi is superficial, was formerly known as an ulcus elevatum. The efflor- 
escences may appear in all parts of the bulbar conjunctiva, but usually they are 
either near the margin of the cornea, or in the zone of the insertions of the 
muscles. 

In very rare cases true efflorescences may appear in the tarsal conjunctiva near 
the margin of the lid ; they are known as efflorescences of the lid. 

II. Keratitis Eczematosa 

When the cornea is involved four distinct clinical pictures are produced which 
may be present in any given ctise either singly, or in various combinations. These 
fundamental types are 1, the eczematous infiltration ; 2, the eczematous ulcus rotun- 
dum corneae ; 3, the eczematous ulcus migrans ; 4, the eczematous pannus. 

Our next patient has a little, roundish, superficial opacity in the cornea. It 
has no vessels and is covered by epithelium, perhaps slightly elevated ; evidently 
an infiltrate. The cornea is surrounded by an injection. This infiltrate is a 
nodule. It consists of an aggregation of cells beneath Descemefs membrane. It 
may undergo absorption, leaving little or no opacity in the cornea, or it may 
break through Bowman'^s membrane and produce an ulcer. 

These eczematous nodules may appear singly, or in great numbers. When 
they occur in the marginal portion of the cornea the case is said to be one of mar- 
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ginal keratitis. They are very common, both in this situation and in the central 
part. 

Like the conjunctival efflorescences they differ much in size. Sometimes the 
surface of the cornea may be studded with very small ones, which cause minute 
losses of substance after the epithelial covering has broken down. These are the 
same as the sandgrain efflorescences met with in the limbus, and, in the initial 
stage, the cornea looks as if it were sprinkled with sand. Thus it is evident that the 
fundamenal characteristic of conjunctivitis eczematosa, the inflammatory nodule, 
is likewise met with in the cornea. 

The examination of efflorescences in the conjunctiva alone is easy, but kerato- 
conjunctivitis eczematosa is apt to excite marked photophobia and blepharospasm, 
because the terminal filaments of the nerves in the cornea are lacerated when 
the epithelium is lifted up by the eczematous eruption, are irritated also by the 
inflammation, and cause, the blepharospasm through reflex action. The thought 
of conjunctivitis eczematosa is suggested at once when a child is seen to be 
suffering from photophobia. 

In the next child we find near the margin of the cornea a roundish, cuplike 
ulcer, which extends deeply into the parenchyma and has its margins densely infil- 
trated. This is the ulcus eczematosum. It has characteristic features, is roundish, 
may appear in any part of the cornea, and represents an advanced stage of 
the eczematous nodular infiltrate, in which the process is more malignant. 
The infiltration soon becomes purulent, assumes a yellowish, almost pustular ap- 
pearance, rapidly breaks down and produces ulceration. It hardly needs to be 
mentioned that iritis coexists. 

This form of ulcer has a characteristic tendency to perforate the cornea. 
Although it may appear anywhere in that tissue, it shows a certain preference for 
the marginal portion, in front of the iris. When such an ulcer perforates, the 
iris falls forward and forms a prolapse. Healing takes place with the formation 
of a leucoma adhaerens, which remains throughout life. I call this ulcer ulcus ec- 
zematosum rotundum because of its shape. Often it is met with in one eye alone. 

Aside from its tendency to perforate, the eczematous corneal ulcer is of serious 
importance on account of the cicatrix it leaves. All of the maculae comeae seen in 
these children are the scars left after the healing of such ulcers. In adults they 
form one of the most frequent causes of poor vision. 

The identification of the conjunctival with the corneal efflorescence has been 
rendered difficult, in our study thus far of the fundamental characteristics of these 
eczematous diseases, by one circumstance : a characteristic injection of the blood- 
vessels is associated with the efflorescences in the conjunctiva, while no such vascu- 
larization is formed in the cornea with either the nodular infiltration, or the fresh 
ulcus rotundum. But here is a case with an oval, or roundish, eczematous ulcer 
at the margin of the cornea to which superficial vessels extend from the thick, red, 
puffy looking limbus. It is a characteristic peculiarity of the eczerruitous corneal 
diseases that they tend to become vascularized Jrom the conjunctiva bulbi. Thus it 
happens that vascularization is frequently met with in all possible forms of ecze- 
matous keratitis. 

In this child's cornea is a narrow, tonguelike opacity, so characteristic that it 
cannot be mistaken for anything else. In it run two little bloodvessels and a 
crescentic nodule lies at its apex, near the centre of the cornea. This has been 
called keratitis fascicularis, or fasciculosa. In such cases a nodular infiltration 
is formed primarily at the margin of the cornea, and breaks down into an ulcer 
to which vessels extend from the margin. The peripheral portion heals, but on 
the opposite side the ulcer spreads toward the centre of the cornea, pushing before 
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it its infiltrated edge, the gray crescent. As the infiltration and subsequent break- 
ing down extends, the vessels follow and a narrow groove is formed which is filled 
by them. I call this form of eczematous corneal disease ulcus eczematosa migrans. 

The course is slow, often lasting for weeks, while the ulcer may extend to, and 
even beyond the centre of the cornea. It differs from other eczematous ulcers in 
that it always remains superficial and never perforates, but it leaves a permanent, 
narrow, cicatricial band of opacity. Sometimes this opacity is forked, showing that 
the ulceration with the vessels advanced in two divergent directions. 

In the last form of keratitis eczematosa nearly the whole of the cornea is red- 
dened by a superficial vascularization with its typical ramification. This is pannus 
eczematosus. Numerous superficial infiltrations appear in the cornea, soon become 
confluent and give rise to the great vascularization. Between the vascular twigs 
the cornea can be seen to be not clear. 

These nine different types of keratoconjunctivitis eczematosa are not alwaya 
met with in such distinctive forms, more often they are combined together in vari- 
ous ways. Thus we find marginal efflorescences with old corneal maculae, infil- 
trates and ulcers in one cornea, pannus and conjunctival efflorescences in another,, 
and so on. The clinical picture of the disease is extremely variable. 

m. The Habitus Scrofulosus and its Relations to Keratocoi\]unctiyitis 

Eczematosa 

No adequate conception of the entire clinical picture of this disease can ever be 
obtained from a study of the changes on the eyeball alone ; many things are strik- 
ing when you look at the patient placed before you. 

In the first place keratoconjunctivitis eczematosa is a disease of childhood 
which appears latest at the time of puberty, although persons who have had it in 
childhood may have to deal with it later. 

Another important featiire is its great tendency to relapse. The efflorescences 
in the conjunctiva disappear in a short time, while the troubles in the cornea last 
longer, but in very many cases one attack follows another, so that the disease per- 
sists for years, often continuing until the time of puberty, when the attacks become 
less frequent and finally cease. 

Two symptoms are more or less marked during the fresh attacks in nearly all 
such cases: photophobia and blepharospasm. These produce by reflex action an 
increased lacrymal secretion, which may be considered a third symptom. 

The constant overflow of tears irritates the margins of the lids and frequently 
excites a blepharitis, while the skin becomes sore, and little excoriations appear at 
the outer canthus which are extremely painful and maintain in turn the blepharo- 
spasm. These must be taken into account in every case. 

In some cases the skin of the lids and face is eczematous, the eczema often 
having an impetiginous character. Eczema is particularly apt to be found on 
the scalp. The thickness of the lips and nose is often striking. All these things 
indicate that heratoamjunctivitis eczematosa is related to the so called scrofulous dia- 
thesis. The nature of scrofulosis, particularly its connection with tuberculosis, 
has been much discussed. With many other clinicians I believe that scrofulosis is 
a disease sui generis, which is complicated secondarily with tuberculosis in many 
cases, and agree with Grawitz that it is a "disturbance of nutrition with a special 
tendency to inflammation of the lymphatic system." It is not my duty in an 
ophthalmological clinic to present an exhaustive survey of scrofulosis, but we will 
consider briefly the symptoms of the disease. 

Scrofulosis appears under two forms, the torpid and the erethistic types. In 
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the torpid, or sluggish, type the chiMren appear coarse and bloated, with pale skins, 
thick noses, puffy lips, short, thick necks and numerous enlarged lymphatic glands. 
They are slow, both physically and mentally. In the erethistic, or nervous, type 
the children are of slight build, are lacking in subcutaneous fat, and usually have 
good mental capacity, but their skins are pale, reddening and paling very readily, 
and their lymphatic glands are distinctly swollen. 

The lymphatic glands of the submaxillary, jugular and auricular regions in 
particular become swollen at an early period. In small children the retropharyn- 
geal lymphatic glands deserve notice, because retropharyngeal abscesses may 
originate in them. 

Czemy has called attention to the glandular occipitales in connection with 
catarrhs of the upper air passages. The bronchial glands may become greatly en- 
larged and give rise to a desire to cough ; sometimes a dilation of the pupil on 
the affected side is produced by the pressure of these enlarged glands upon the 
sympathetic nerve. 

One of the most important symptoms associated with the sweUings of the lym- 
phatic glands is the recurrent nasal catarrh, the secretion from which irritates the 
neighboring skin and causes scrofulous 
eczema to appear on the nose and upper 
lip. On the latter the inflammation 
may involve the subcutaneous tissue, 
render the lip thick and favor the for- 
mation of fissures. The eczematous 
places in the skin form favorable soils 
for the development of impetiginous 
diseases. 

Besides the chronic rhinitis, scrofu- 
lous children have inflammation of the 
lymphatics in the throat; hyperplasia 
of tiie faucial tonsils and chronic phar- 
yngitis. In addition to this the inflam- 
mation may extend up the Eustachian 
tube and cause catarrh of the middle ear. 

Leucoplakia on the tongue, an ab- 
normal, uneven abrasion of the epi- 
thelium, is a frequent symptom of 
scrofulosis. In both forms tiie func- 
tional activity of the sebaceous and 

sudoriparous glands of the skin is in- pic. 24.— Keratitis £k:zematosB with 

creased. This explains the susceptibil- Scrofulosis. 

ity of the skin to eczema, which attacks 

by preference the scalp and the skin of the face, but in regard to this we must 
often take into account the part played by pediculi. 

It should also be mentioned that the mucous membranes of the respiratory 
and intestinal tracts suffer in various ways; the digestive troubles especially may 
be very varied. Lastly, of the general symptoms we should not forget the secondary 
aniemia (diminution of the red blood corpuscles) and the leucocytosis which result 
from the existing suppurations. Even as ophthalmologiNts we have to study care- 
fuDy the general condition of our patients, but the changes in the eyes typical of 
scrofulosis are those which preeminently claim our attention to-day. Finally 1 
place before you a child in which the relations of keratoconjunctivitis eczematosa 
to the habitus scrofulosus can be pointed out. 
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This anaemic, ill nourished, but bloated-looking child has a very marked bleph- 
arospasm. The lids are thick, the veins in the lid skin are quite tortuous and 
bluish, while the skin is excoriated at the outer canthus. We call these excoriations 
rhagades. They are one of the most frequent causes of photophobia and blepharo- 
spasm. On the head is an extensive, moist eczema ; in many cases pediculosis is 
the primary cause of this. The ears are eczematous and covered with scabs. The 
nose and lips are swollen, the mouth has a snoutlike appearance and the nares 
are eczematous and fissured. Changes which may exist within the nose and the 
nasopharyngeal space must be taken into consideration in our therapeusis. The 
glands about the lower jaw, in the neck and in front of the ear are swollen. 

If we leave the child to himself he creeps into a dark comer of the room. In 
bed he turns away from the light and buries his face in the pillow. At the pres- 
ent time he covers his face with his hands and struggles to prevent the examination 
of his eyes, because he suffers pain every time they are opened, as long as the rha- 
gades persist at the canthus. This picture exemplifies the relations of scrofulosis 
to keratoconjunctivitis eczematosa. The intensity of the photophobia is often 
disproportional to the severity of the disease. It is often slight with grave corneal 
ulcers, while it may be very great with simple efflorescences and infiltrations. 
Occasionally the blepharospasm is so great that the upper lid becomes everted, in 
consequence of the constant muscular contraction, and then the exposed mucous 
membrane becomes enormously swollen through the stasis of its circulation. 

Although the lesions are fortunately not so serious in all cases, as in this last 
one, yet keratoconjunctivitis eczematosa may be easily recognized as it is the 
commonest disease of the eye. It is present in from 20 to 40%, or even more, 
of the total number of patients. It rarely attacks an apparently healthy child. 
The great majority of patients exhibit more or less distinctly tie characteristic 
symptoms of scrofulosis, but sometimes they are slightly marked. 



32. Cause, Course and Treatment of Keratoconjunctivitis 

Eczematosa 

We have now studied the clinical picture of keratoconjunctivitis eczematosa as 
it appears in the conjunctiva and cornea and have found that it has a certain con- 
nection with scrofulosis. We have still to discuss this connection, the course of 
the disease and the treatment. The latter is most necessary. It has never been 
my experience that the medical student was able to attain the same perfection, in 
this respect, from the summary presentation of the subject in textbooks, or from 
the theoretical enumeration of the methods of treatment in the clinic, as that pos- 
sessed by the general practitioner. 

I. What is the Cause of Conjunctivitis Eczematosa? 

Although a certain connection exists, scrofulosis is not necessarily the only 
cause of keratoconjunctivitis eczematosa. All scrofulous children do not suffer 
from this disease and, on the other hand, we meet with cases in which positive signs 
of scrofulosis cannot be demonstrated, even though it cannot be excluded. But 
it is distinctly characteristic of the disease to attack such children intermittently 
during the years that they are subject to scrofulosis. All that we can say as yet 
is that in the majority of cases the scrofulous diathesis predisjx)ses to this disease. 
Concerning its etiology the question has arisen whether the subepithelial nodules 
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of infiltration in the conjunctiva and cornea, which form its characteristic feature, 
originate through ectogenous, or endogenous infection. 

The ophthalmologists who believe the origin to be endogenous point out that 
endogenous forms of conjunctivitis exist, such as the gonorrhoeal conjunctivitis 
produced by metastasis from lu^thral gonorrhoea. E. Cohn produced experi- 
mentally a conjunctivitis with decomposed yeast. But such conjunctival diseases 
as these cannot be compared offhand with the discrete efflorescences just beneath the 
epithelium. The fact that circumscribed lesions are formed in the transparent 
cornea by herpes zoster and herpes febrilis is not pertinent to the question. The 
experimental attempts to excite the disease endogenously must be considered fail- 
ures. Leber and Bruna injected dead tubercle bacilli into the veins of rabbits and 
then examined the eyes for metastatic lesions ; but the results they obtained proved 
neither the endogenous origin of keratoconjunctivitis eczematosa, nor any connec- 
tion of the disease with dead tubercle bacilli. In the first place no microorgan- 
ism yet known to us can be found within the fresh efflorescences on microscopical 
examination {Axenfeld, Wagenmann, HerteU L, Mueller and others). Cultures 
fail likewise to detect ordinary bacteria in these nodes. Dead tubercle bacilli 
are not to be found in them. In the second place Leber and others have demon- 
strated that the inoculation of fresh efflorescences into the anterior chamber of 
rabbits excites no inflammation. In the third place the giant cells occasionally 
found in the efflorescences are not evidences of a tubercular origin, especially as 
these cells are not of LangharCs t)rpe. The evidence which has been brought for- 
ward does not convince me that keratoconjunctivitis eczematosa is caused by an 
endogenous infection. 

I maintain on the contrary that an ectogenous origin must be granted before 
the disease can be understood. The superficial situation of the nodules, as well 
as their discrete character, certainly justifies the theory that morbific agents gain 
an entrance through the epithelium. In scrofulous persons the epithelium is 
known to be particularly vulnerable, and we also know that morbific agents exist 
which are able to penetrate into even an intact cell, such as the parasites of the 
blood cells. 

Many ophthalmologists, like Axenfeld^ Morax^ Casparini and L. Mueller, 
claim that the picture of conjunctivitis eczematosa may be produced in scrofulous 
individuals by such known agents of conjunctival inflammation £is diplobacilli> 
pneumococci and Koch- Weeks bacilli. TTie only conclusion that can be drawn 
from such observations is that this disease can be produced by an external infec- 
tion. We do not know that a specific agent of conjunctivitis eczematosa does 
not exist in such cases, even though it has not yet been recognized. I question^ 
with Morax^ whether the eruptions at the limbus met with in Koch- Weeks con- 
junctivitis can be identified with eczematous efflorescences. If an ectogenous 
origin is admitted there are only two possibilities to be considered. If the 
efflorescences are caused by any bacteria known to us, it must be by staphylococci, 
as these are present in eczema of the skin. But, as staphylococci are not to be found 
in the fresh efflorescences of the conjunctiva, they, or their products, must excite a 
peculiar reaction with the formation of these discrete efflorescences in the conjunc- 
tivae of scrofulous individuals. I cannot subscribe to this as long as a simpler 
explanation is possible. The entire clinical picture of keratoconjunctivitis eczem- 
atosa becomes comprehensible at once when we assume that a specific agent, as 
yet unknown, but perhaps widespread, excites the discrete diseases on the surface 
of the eye, especially in persons with a scrofulous diathesis. This theory cannot 
be proved correct, but it is rendered plausible by the superficial situation of the 
efflorescences, the infiltration and the pannus. Every corneal ulcer but this is due 
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to an ectogenous infection ; is the eczematous ulcer alone an exception ? The 
secondary infections also harmonize with this theory. Shall we assume in ulcus 
eczematosum migrans that it alone is the way and manner in which the conjunc- 
tiva reacts to irritations of various kinds ? I believe that a certain agent plays 
the part of the unknown *r, even when other germs are secondarily present. 

II. Course of Keratoconjunctivitis Eczematosa 

At the end of a week the efflorescences on the conjunctiva will have healed 
without injury to the eye, but the moment the cornea becomes involved the prog- 
nosis becomes more serious. As long as the lesion remains an infiltration, involu- 
tion is possible, even though the symptoms of irritation are quite severe and the 
disease is prolonged, but eczematous ulcers always leave scars. Pannus also is a 
very serious condition. The worst of the disease is that it recurs so frequently, 
embitters the happy period of childhood, and casts its shadow over later life by 
the bad vision caused by so many corneal opacities. 

in. Treatment of Keratoconjunctivitis Eczematosa 

The first indication in the therapy of this disease of the eye is the general 
treatment of the scrofulous diathesis. Unfortunately the majority of these cases 
are met with among the children of poor people, so that only a small part of the 
programme recommended can be carried out. The measures must be chosen so as 
to fit each individual case. The statement of Cornet^ that '*air, light, movement 
and nutrition are the fundamental supports of both the prophylaxis and the treat- 
ment, ' ' is correct, for we have no specific means at our disposal with which to act 
upon scrofulosis as such. 

The general treatment should begin with the regulation of the usually im- 
proper diet, which is frequently lacking in the necessary meat, fresh vegetables 
and fruit, while the children are surfeited with starchy foods. Too much of any 
one form of food is to be avoided. The children should be taken regularly out 
of doors, even when they object on account of their photophobia. An air bath 
lasting only a few minutes, which may be given in a room, is a stimulant which 
excites a reaction in the form of an arterial hypereemia of the body, and is of 
service in the treatment of scrofulosis. Sun baths cannot be given during the 
attacks of keratoconjunctivitis eczematosa, because of the photophobia and the pain 
caused by the direct rays of light, but after the attack has pasised away the child 
should be kept in the sunlight, lightly clothed, playing out of doors ; playing on 
the sea beach particularly is beneficial. 

When conditions permit, choice may be made between a sojourn in the coun- 
try, sea baths, or the mountains. Life in the country sometimes does wonders for 
city children. The North Sea baths are better for robust children, the Baltic for 
weakly ones. If high altitudes seem to be indicated, mountains of moderate size 
and subalpine heights should be chosen. 

Saline baths are almost of more importance in the treatment of scrofulosis. 
Kreuznach, Reichenhall, Rheinfelden in Switzerland, and Duerrheim may be 
mentioned, but these expensive spas are beyond the reach of most of our patients. 
Mothers who cannot afford such expense should be taught how to give saline baths 
at home, by dissolving a sufficient quantity of common salt in the water of the 
bath to make about a 3% solution. Half salt and half Stassfurt bath salt, or crude 
salt may be used. When even such measures are not possible, the mother can rub 
down the child each morning with a cloth wet with salt and water. This is an 
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opportune time to warn against the hardening treatments that are often overdone, 
and by which delicate children are often injured. Metabolism may be promoted 
by massage, and suitable gymnastics are of much benefit. 

Cod liver oil has been used in scrofulosis since the days of antiquity, still main- 
tains its reputation and is well borne. It is given in doses of a teaspoonful, or a 
dessertspoonful, from one to three times a day. Many substitutes are on the mar- 
ket, but they have been unable to supplant it. Another remedy that finds much 
favor is the combination of iodine and iron in the form of the syrupus ferri iodati. 
When anaemia is a prominent symptom one of the multitudinous preparations of 
iron should be given. A favorite prescription in childhood is liquor ferri albu- 
minatis in doses of from ^ to 1 teaspoonful. Each physician has to choose which 
preparation of iron he may prefer, but he should not think that iron in organic 
combination is absorbed, or utilized by the body any better than inorganic iron, 
which the physiological chemist Abderhalden claims alone is efficient. Arsenic 
also is used a great deal in the form of liquor potassii arsenitis. 

In the treatment of keratoconjunctivitis eczematosa two therapeutic measures 
quite distinct from the internal and dietetic treatment of the scrofulous diathesis 
come into consideration : one with regard to the treatment of the diseases of the 
skin, the other to that of the eye itself. 

This patient has an extensive eczema of the scalp, known as seborrhoea. The 
hair is cut short first, and then the child wears during the night a dressing soaked 
with olive oil. In the morning the softened crusts are removed, the oil is wiped 
away with benzin, and sores on the scalp are revealed. An application of a 1% 
solution of silver nitrate, followed by neutralization with salt and water, will cause 
these sores to become dry very quickly. After the application the sores are wiped 
dry with cotton and an ointment is smeared over the entire scalp. Either one of 
three ointments may be used for this purpose: 1, yellow ointment; S, zinc oint- 
ment; 3, Neisser'^s zinc bismuth ointment, composed of zinc oxid. 1.0, bismuth, 
subnitr. 1.0, ungt. simpl. and ungt. leniens each 10.0. Vermin, especiaUy lice, 
frequently cause this eruption ; in such cases the children should wear for twenty- 
four hours a dressing wet with sabadilla vinegar. 

In many cases it is well to apply an inunction of ungt. kalii iodat., or ungt 
iothion, to the swollen glands. 

Examination and treatment of the interior of the nose is necessary in many 
cases. The eczema of the nares may be easily controlled by the regular intro- 
duction of pledgets covered with yellow ointment. 

Even when there are no marked lesions in the skin, excellent results are to be 
obtained from the inunction of the entire body with a mild green soap. A tea- 
spoonful of the soap is rubbed over the body for five or ten minutes twice a week by 
the nurse, who then places the child in a warm bath and washes it clean. How 
these inunctions of soap are of benefit in scrofulosis I cannot say, but it is unmis- 
takable that they exert a powerful influence over the metabolism in such children 
and I can recommend them strongly. We turn now to the treatment of the eye 
itself, and I wish, first of all, to call attention to a point that is not dealt with even 
in the most modem textbooks. 

Parents of photophobic children with blepharospasm often bind up their eyes in 
the hope of doing some good in that way. The contrary is frequently the case. 
Such children are often in a very dirty condition. The lacrymal fluid stagnates be- 
neath the even slightly soiled dressing, or the conjunctival secretion becomes readily 
decomposed, thus increasing the trouble and the danger to the eye. All dressings 
are to be avoided in the great majority of cases of keratoconjunctivitis eczematosa. 
We use them only when the greatest possible quietude of the eye is rendered neces- 
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Bory by the presence of very deep corneal ulcers. Air and light should be allowed 
to enter these eyes. 

Here is a child with an intense blepharospasm who not only resists every attempt 
to open his eyes for examination, but keeps them closed so tightly that the lids 
have become swollen in consequence of the interference with circulation. The 
cause of this blepharospasm must be sought first. 

Very often it is produced by the painful sores on the skin at the outer 
canthus, the rbagades, which, when present, need to be treated first. The miti- 
gated stick of silver nitrate is rubbed over the little sores after the skin has been 
dried thoroughly with cotton and then, before the skin can become moistened again 
by the tears, Lassar'a paste is applied. This paste consists of acid, salicyl. 0.3, 

amyl. 0.3, zinc oxid. 3.0, vaselin 
alb. ad 10.0. It should be ap- 
plied frequently during the day. 
In these cases the blepharospasm 
disappears only after the healing 
of the often obstinate rhagades 
is complete. 

If no rhagades are present the 
blepharospasm mush be caused by 
the eczematous efflorescences on 
the conjunctiva or cornea, and 
may be stopped as if by magic, 
at least for a time. If the face 
of the child is immersed in a 
basin of cold water until the ne- 
cessity of breathing begins to be 
felt, he will open his eyes. When 
it is possible to distract the at- 
tention of the child, the blephar- 
ospasm may be obviated for 
some time, sometimes forever. 
Nervous influences play a part 
in this condition. 

These simple measures will 

not always suffice. Sometimes 

the palpebral fissure is very nar- 

FiG, 26.— Powdering with Calomel. row, a condition known as ble- 

pharophimosis, and this renders 

treatment difficult. Nothing can be accomplished in such cases until the fissure 

has been enlarged by an operation at the outer canthus. 

Here is another type. Although conjunctivitis eczematosa as such i a a dis- 
crete disease, in which the rest of the conjunctiva is not involved, many cases ore 
met with, especially such as have been neglected, which have a diffuse catarrh with 
considerable secretion. Such cases are said have scrofulous congestive catarrh. 
A 1% solution of silver nitrate applied to the lid and then neutralized should 
commence the treatment. In these cases it must be ascertained also whether ble- 
pharospasm exists. 

The method of treatment is quite difTerent in the next case which presents as 
its most prominent feature a deep, eczeinatous ulcer of the cornea that is threat- 
ening to perforate. A bandage s)iould be applied unless there is considerable 
secretion, in which case the eye is to be cleaned regularly and kept covered with 
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a protective, latticelike eye shield. In other respects the treatment is that ordi- 
narily employed in corneal ulcers. Atropin is employed regularly; it is applied 
best in the form of an ointment. A salve composed of hydrarg. bichlor. 0.003, 
vaaelin alb. ad 10.0 may be used; it is borne better than any other mercurial 
ointment. After the ulcer has begun to improve the eye should be massaged reg- 
ularly with yellow ointment. The use of eserin instead of atropin has been 
recommended in cases in which the ulcer that is threatening to perforate is pe- 
ripheral, so as to prevent so great a prolapse of the iris, but I believe this to be 
based OD mere theory. When perforation has taken place the prolapse should be 
left alone and the eye kept under a protective bandage ; after the irritation has 
subsided completely it may be cauterized, or excised. 

When no grave corneal ulcer 
is present the local treatment of 
keratoconjunctivitis eczematosa 
is simpler. The two most im- 
portant remedies employed lo- 
cally are calomel and the yellow 
oxide of merciuy. 

Calomel is principally used 
in cases of marginal efflores- 
cences in which the eyes are 
otherwise unirritated, and when 
a migrating ulcer is commenc- 
ing. The head of the child is 
bent somewhat backward, the 
lower lid is drawn down from 
the eyeball, a dry camePs hair 
pencil is dipped in the powder 
and then tapped gently with the 
finger, so as to dust the calomel 
overthe conjunctiva. Thepow- 
der gathers together into little 
lumps and the patient closes the 
irritated eye. The principal 
action of tliis remedy is chemi- 
cal, though it produces a slight 
mechanical effect. The chemical 

action set up between it and the Pio. 26.— Application of Yellow Ointment, 

salt contained in the tears trans- 
forms a portion of it into sublimate, but in what its final action consist; in kera- 
titis eczematosa still passes our knowledge. There seems to me to be no doubt 
that it is the mercury, or its combinations, which exerts such ^ beneficial influence 
in this disease. Can any conclusion as to the nature of the morbific agent he 
drawn from this ? A part of the mereury locally applied to the eye is excreted in 
the urine. 

Hydrarg. oxid. flav. viahumida parat., yellow oxide of mercury, is used in the 
form of the yellow ointment, known also as Pagensteihcr' .h ointment, which is 
indispensable in ophthalmology. There has been much dispute concerning its 
preparation. The yellow oxide of mercury must be distributed very finely, the 
fatty excipient must not be rancid, and it must be introduced properly into the 
eye. The ointment as recommended by Schanz and prepared by Schwcmnger con- 
sists of hydrarg. oxid. flav. via hum. par. 0.1, adeps lanae, aqu. destil. aa 1.0, 
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vaselin alb. ad 10.0. Its range of application is greater than that of calomel. 
Efflorescences in the conjunctiva and at the limbus, pannus eczematosus, ulcers in 
the stage of regeneration and small infiltrates are massaged with it twice a day. 
Patients must learn to use it themselves, for to obtain good results in keratocon- 
junctivitis eczematosa it is essential that it should be used for months, some- 
times for years. It is also the most efficient means at our disposal for the 
clearing up of corneal opacities. To apply the ointment the lids are separated a 
little, some of the salve is taken on the end of a clean glass rod and placed on 
the inner surface of the lower lid ; the lids are then closed and the rod is withdrawn 
from between them, leaving the ointment in the conjunctival sac. A piece of cot- 
ton is then placed on the closed lids and the salve is distributed over the surface 
of the eye by massage with the fingers. Patients should be told to massage the eye 
in this way while they are counting twenty or thirty. The application should be 
repeated once or twice a day. The strength of the ointment may be gradually in- 
creased, but not above 2% for the patient^s own use. Frequently it irritates the 
entire conjunctiva and produces a marked hypersemia which, in conjunction with the 
•effect of the mercury, exerts a beneficial influence. The attacks may be arrested 
and recovery brought about, in the majority of the uncomplicated cases, with the 
aid of these two remedies. Migrating ulcers are apt to be obstinate, especially 
when the infiltrated head is very thick. Such cases should be treated as soon as 
possible with punctate cauterization. 

33. Xerosis of the Conjunctiva and Keratomalacia 

We comprehend under the term xerosis all of the changes in the cornea and 
conjunctiva which result in a markedly dry condition of this otherwise wet and 
lustrous organ. It may be due to disturbances of the general nutrition in which 
the cornea is affected together with other parts of the body, or it may be the 
consequence of local causes. The latter are divided into two distinct groups, one 
comprising the cases in which the cornea becomes dry because the lids close 
imperfectly, the other those in which the xerosis is the result of cicatrization in 
the conjunctiva although the lids close properly. Scemisch called the form that 
results from cicatrization of the conjunctiva xerosis parenchymatosa, the other 
forms xerosis epithelialis. Xerosis parenchymatosa is irreparable, xerosis epithe- 
lialis is capable of improvement and cure. 

I. Xerosis due to Nutritive Disturbances Throughout the Organism 

I have here a child less than a month old, who has had cholera infantum 
for some time and is now in the last stage of marasmus. He is extremely emaci- 
ated, his skin is pale, his features almost aged, his voice thin and feeble. When 
the eyes are opened we find in one that the cornea has lost its beautiful lustre, 
looks dull and dry, is covered with scales and crusts, is opaque and no longer sen- 
sitive. The conjunctiva below and on each side of the cornea is dry and covered 
with whitish masses that give it a peculiarly livid, dirty appearance. When the 
child moves his dead dull eyes the conjunctiva bulbi forms crescentic folds on the 
side toward which the cornea turns. In the other eye the condition is farther 
advanced. Yesterday the cornea was yellowish gray, especially in the central 
part, today it is purulent and perforation has taken place. The iris is pro- 
lapsed. Sometimes the lens is extruded. This is the picture of infantile kera- 
tomalacia. I show the case for three reasons. 



XEROSIS FROM NUTRITIVE DISTURBANCES 148 

In these cases the body is weakened excessively by the |»ofuse diarrixEa and 
we can readily agree with Fotrster that the nonvascular tissue of the oomea fails 
to obtain sufficient nutrition. It is also probable that in such a marasmus ab- 
normal products of decomposition circulate in the Uood, and are responsible for 
the reduction in sensibility and the loss by the tissues of their power of resistance. 
At any rate it can be conceived that the xerosis is caused by these disturbances of 
nutrition and toxic influences. Foerstrr has appropriately compared this condi- 
tion with that of bed sores. In addition to this the eyes of such children are apt 
to be incompletely closed during sleep^ so that the portion of the cornea which is 
exposed is allowed to get dry« but this necrobiosis of the cornea and conjunctiva 
may take place even when the lids close well. 

Participation by secondary infections is to be added to the disturbance in 
nutrition. Xerosis bacilli were found in great abundance in xerosis by Ku^chberi 
and Neisser^ and were taken by many to be the morbific agents, but they are pres- 
ent in the healthy conjunctiva and are to be considered as harmless parasites. 
They are not the pathological agents of xerosis and keratomalacia. 

When suppuration and ulceration occur in xerosis and keratomalacia other 
pus agents, such as staphylococci and streptococci, have acted upon the weakened 
and unresisting cornea. I can show you a slide from a bad case of keratomalacia 
in an adult, who had lived for years in a horribly poor condition of nutrition, in 
whom both comeae melted away in a few days. It contains bacilli belonging to 
the group of bacterium fusiforme and an extraordinary number of spirochaetse. 
Aside from the spirochseta pallida these are the first spirochaetse that have been 
demonstrated in tiie human cornea. 

This example demonstrates that keratomalacia is not simply one of the asso- 
ciated symptoms of cholera infantum. It is met with in children suffering from 
grave congenital syphilis, when it need not be a specific syphilitic keratitis. It 
has been met with in other infectious diseases, such as dysentery, typhus, puerperal 
fever and scarlet fever. 

The most important reason why I have exhibited this child with cholera infan- 
tum and keratomalacia is to show the prognostic importance of the condition. 
The prognosis quoad vitam is very grave. Even when children are not so far 
gone as this one, yet have xerosis and keratomalacia, the prognosis is very bad, 
especially when the child is quite young. In such cases an attempt must be made 
to increase the strength through the treatment of the cholera infantum ; strength- 
ening diet, mucilaginous soups, weak meat broths, calomel, iced milk ; hot baths 
when signs of collapse appear. I have obtained good results in many cases of 
keratomalacia from the subcutaneous injection of large quantities of salt solution. 
As far as the eye is concerned we must be content to bathe it carefully and to ap- 
ply ointments. 

TTie Benign Form of Xerosis Conjunctivce 

The form of xerosis just described, which is one of the symptoms of keratoma- 
lacia, may be styled the malignant form of epithelial xerosis. Another form, like- 
wise due to general nutritive disturbances, is much more benign. It appears as a 
symptom of, or in connection with, a form of hemeralopia. 

There are conditions in which patients complain that they see very badly as 
soon as twilight begins ; these will be considered under diseases of the retina. 
This hemeralopia may be associated with certain pathological changes in the 
retina, or it may be a functional disturbance without visible ophthalmoscopic 
lesions, due to nutritive disturbances throughout the entire organism. A xerosis 
of the conjunctiva is met with in the latter form. Insufficient nutrition may com- 
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promise the functions of the retina. In Russia great numbers of people are affected 
epidemically during the seven weeks^ fast before Easter. This form of xerosis is 
met with in convicts, children in orphan asylums, and sailors, everywhere that the 
food is deficient and without variety. Peculiar, dull, lustreless places appear on 
each side of the cornea in the palpebral space, which look as though smeared 
with fat and have a characteristic triangular form, with their bases toward the 
cornea, their apices toward the canthi. Bitot was the first to observe these spots in 
cases of hemeralopia, so they were named BitoVa spots. They are found on both 
eyes. Adults are generally affected, though the condition may be met with in chil- 
dren, coincidently with the night-blindness. UhihqffcsSleA attention to the fact 
that both hemeralopia and xerosis conjunctivae may occur in chronic alcoholism. 
Both symptoms are also met with in chronic liver diseases ; it is well to remember 
this when an epithelial xerosis of obscure origin is met with. 

Finally a drjrness of the cornea has been observed in cholera, which is to be 
ascribed not only to the lagophthalmos in the stage of collapse, but also to the 
loss of water by the entire body and the disturbance of nutrition. 

This hemeralopia also occurs with and without coincident xerosis in people 
who are apparently healthy ; in these cases we know nothing of the nature of the 
trouble. I have repeatedly examined such persons serologically without finding 
anything positive. 

The prognosis of this form of xerosis is much better, it passes away with the 
improvement in the general nutrition. Liver has been recommended as a curative 
in hemeralopia. How great a part nutrition plays is shown by a case reported 
by Uhthqff. A student, who was a fanatical vegetarian, became so reduced in 
sbnength that he began to suffer from xerosis and hemeralopia ; the hemeralopia 
disappeared in four days after he began to take eggs and milk. 

n. Xerosis of the Copies from Local Causes 

A. Xeroftis Due to Imperfect Closure of the Lids 

In our next patient the closure of the lids is imperfect because of a facial 
paresis. The lower lid, particularly its inner portion, is not raised properly, but 
is turned from the eyeball; ectropion paralyticum. Consequently there is epi- 
phora. The lower part of the cornea is imperfectly covered during sleep and 
the result of this is not only an irritation of the conjunctiva, but also a superficial 
dullness and dr3niess of the cornea with a loss of its sensibility. This condition 
is the so called keratitis e lagophthalmo. 

Other causes besides facial paresis produce such a xerosis of the cornea. When 
an eyeball is pushed far forward in exophthalmos the closure of the lids may be 
prevented and the surface of the cornea may become dry. Some time ago I had a 
patient a large part of whose upper lid had been torn off by the kick of a horse. 
During sleep his cornea had been without sufficient covering and partial xerosis 
had begun. In all of these Ciises we should try to correct the imperfect closure of 
the lids, either by shortening the palpebral fissure, or by a plastic operation, but 
much good can be done by having the patient wear a moist dressing during the 
night, and by the use of an indifferent boric acid ointment. 

B. Xerosis of the Conjunctiva and Cornea after Cicatrization 

We have next an unfortunate tnichonia patient with a third form of xerosis 
The saddest end of malignant trachoma is an extensive dryness of the conjunctiva 
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and cornea. The palpebral fissure is narrow, the conjunctival sac is very small, the 
entire conjunctiva looks as if it were studded with whitish scales and elsewhere 
smeared with fat. 

This form of xerosis differs from the others in an important feature : it is the 
result of a local cause, the cicatricial contraction of the trachomatous conjunctiva. 
Formerly it was thought that this process began with an occlusion of the efferent 
ducts of the lacrjrmal gland, and this theory seemed plausible, especially because 
such patients complain very early of the feeling of dryness, but it is not correct. 
The feeling of diyness is due to the fact that the lacrymal fluid can no longer 
affect the compact, shrunken conjunctiva with its thickened epithelium. The 
cicatricial contraction of the conjunctiva is the primary cause, an atrophy of the 
lacrymal gland follows later. 

The same grave xerotic condition may be produced by the cicatrizations caused 
by pemphigus conjunctivae, diphtheria and bums. In pemphigus the shrunken con- 
junctiva is whitish, cloudy and dry. In very bad cases even the lacrjrmal secretion 
fails, because the emunctory ducts of the lacrymal gland have become occluded. 

In all of these cases we must be content with a symptomatic treatment ; oint- 
ments may be introduced into the eye before going to sleep, milk may be instilled 
during the day to alleviate the symptoms; physiological salt solution, or a 1% 
solution of sodium bicarb, may also be employed. Nessnavwff had such patients 
smell of oil of mustard and aqua ammonia several times a day, in the hope that a 
hypertrophy of the lacrymal gland might be obtained thereby. Attempts have 
been made to replace the shrunken membrane by grafts of healthy conjunctiva. 
Sometimes the lids have been sutured together leaving only a small aperture. 
Whoever has to treat unfortunate patients tormented by xerophthalmos must try 
many things in the hope of giving comfort. 

34. The Most Important Varieties of Corneal Ulcers and their 

Sequelae 

The diagnosis of a corneal ulcer is so important that we will devote a chapter 
to a consideration of some of the questions connected therewith. The recognition 
of its clinical peculiarities often reveals immediately what disease is present in the 
eye. Corneal ulcers heal through the formation of connective tissue and therefore 
leave opacities which interfere with vision, hence it is very important that they 
should receive proper treatment. 

The forms of cornea! ulcer most commonly met with in practice are 1, ulcus 
serpens; 2, ulcus eczematosum; 3, the marginal ulcer frequently called ulcus 
catarrhale. More rarely we meet with 4, the diplobacillus ulcer and 5, the tra- 
chomatous ulcer. Even though the true cause cannot b^ proved in perhaps the 
majority of cases, or some other etiology excluded, except by the bacteriological 
demonstration of the morbific agent, yet we are able usually to distinguish the 
different varieties by their purely clinical characteristics. 

The ulcus serpens is a disease of middle and old age. It invariably follows 
slight in jiffies, appears almost always in the central part of the cornea and spreads 
over its surface. It is associated with secondary iritis and hypopyon. 

An analogous clinical picture may be produced, not by pneumococci, but by 
diplobacilli. Like ulcus serpens the diplobacillus ulcer is met with in adults, and 
is situated usually in the central part of the cornea. The differentiation can be 
made only by the bacteriological examination. 

The ulcus eczematosum is very easily recognized clinically. It is one of the 
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symptoms of keratoconjunctivitis eczematosa, a disease of childhood, and is there- 
fore met with in children. It differs from ulcus serpens in its roundish form, as 
well as in its tendency not to spread over the surface, but to penetrate into the 
parenchyma and to perforate the cornea. It may be found anywhere on the cornea, 
at its margin as well as at its centre, and is accompanied by the other symptoms 
of keratoconjunctivitis eczematosa, photophobia, blepharospasm, rhagades at the 
canthi and the symptoms of scrofulosis. 

The ulcers of the cornea met with in the course of catarrhal inflammations of 
the conjunctiva are just as typical and easily recognized. As indicated by the 
name these ulcers lie near the margin, and they have a characteristic crescentic 
form. During the course of a conjunctivitis a row of little infiltrates appears at 
the limbus, extend, become confluent, throw off the epithelium and the most 
superficial layer of the cornea, and form a long, sickle shaped ulcer, which deepens 
rapidly and may perforate. Sometimes several such ulcers appear in an eye and 
they may surround the cornea. 

The ulcer met with in trachoma can be recognized readily from the presence of 
other signs of that disease, particularly of pannus trachomatosus. The ulcer is 
horizontally oval, and situated near the centre of the cornea on the line of demar- 
cation of the pannus. Thus we can and must determine clinically, as soon as we 
see an ulcer of the cornea, what kind of an ulcer it is. 

The treatment depends largely on the stage in which we find it. When the 
ulcer is progressive the eye has a marked ciliary injection, the base and margins 
are gray or yellowish, from the infiltration of pus, and a hyperaemia of the iris, or 
an iritis, can be perceived. When it is regressive the margin is melted away and 
the base is smooth and polished. 

In a fresh catarrhal ulcer every effort must be made to control the conjunc- 
tivitis as quickly as possible. Silver nitrate solution should be applied energet- 
ically, the eye kept washed out and all dressings abandoned which may cause a stasis 
of secretion. In eczematous ulcers the keratoconjunctivitis is to be treated gener- 
ally and locally, atropin and sublimate ointment are to be employed and a band- 
age is to be avoided so far as possible. The principles of the treatment of ulcus 
serpens have been discussed already. The treatment of trachomatous ulcers must 
be directed primarily against the trachoma. 

We do not always see these ulcers in their early stages ; often we have to deal 
with their sequelae and from these we have to draw conclusions with regard to the 
preceding ulcerations. A study of these sequelae facilitates the understanding of 
the conjunctival and corneal diseases, for their nature and their anatomical changes 
are always the same, whether they come from a primary ulcer of the cornea, or 
from one that is secondary to a conjunctival disease. Cicatrization in the cornea 
is the first consequence under all circumstances. All leucomata and maculce 
are results of corneal ulcers. 

This man has a dense, central leucoma which covers the pupil. No vision can 
be given the eye except by means of an optic iridectomy. This operation differs 
from an iridectomy for glaucoma ; it cannot be made upward and it should be 
small so as to make the dazzling as slight as possible. In order to ascertain 
whether an optic iridectomy is likely to be of benefit in such a case, the vision is 
tested, then the pupil is dilated and the vision tested again. Sometimes a decided 
improvement can be obtained in this manner, but the retinal images are never 
sharply defined when the light enters through the peripheral, less uniformly 
curved portion of the cornea. The opacity on the cornea aids in the production 
of dazzling and for this reason, as well as for the sake of the cosmetic appearance, 
it should be tattooed. 
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Thus far we have dealt with the normal course of recovery of a corneal ulcer. 
Sometimes the cicatrization stops before the loss of substance has been quite re- 
placed and leaves a concave, lustrous surface. Such places are called corneal facets. 
Or a thin, transparent cicatrix may yield before the intraocular tension and rise 
above the surface of the cornea, forming a simple ectatic corneal cicatrix. Condi- 
tions become complicated when a scar following the perforation of an ulcer be- 
comes ectatic. 

In another patient a minute, rather convex bleb, surrounded by a light gray 
margin, can be seen in a loss of substance, which is elsewhere lustrous, near the 
centre of the cornea. This is a Deacemetocele^ or keratocele. At this place the 
ulcer destroyed the parenchyma down to DescemeVs membrane, which was able to 
resist its action, and is now distended and pushed foin'^ard by the intraocular press- 
ure. In such a case the patient must be put to bed and a firm bandage should be 
applied. Healing takes place through the development of connective tissue, which 
constantly grows firmer, about the little bleb. The bleb may burst, allow the 
aqueous to escape, and so permit the iris and lens to move forward. Healing may 
still be obtained in most cases by careful cauterization, when the anterior chamber 
will be reformed, but a little dark point will remain visible for a long time. A 
corneal Jistula may be developed in such a place. This may open and close re- 
peatedly, and keep the eye constantly soft, so that it may be rendered blind by de- 
tachment of the retina, unless the fistula can be induced to heal. If seen in time 
such a fistula may be closed by covering it with conjunctiva in the way recom- 
mended by Kuhnt. 

In most CBSGs perforation of a corneal k/c^ takes place without having been pre- 
ceded for any length of time by a keratocele. The signs of perforation are easily 
recognized. The patient himself feels the escape of the stream of warm aqueous, 
the tension of the eye is decreased, the anterior chamber is abolished, the iris and 
lens have moved forward. It is remarkable how much benefit the ulcer receives 
from the perforation ; evidently the nutrition of the tissue is improved by the re- 
duced tension. What follows depends on the size and situation of the perforation. 

An eye that has suffered from a perforating ulcer of the cornea can be recog- 
nized for many years. The pupil is distorted, pear shaped and drawn to a point ; 
the anterior chamber is deeper at one place than at another. Both of these symp- 
toms can be referred to a little blackish mass near the inner margin of the cornea 
of this patient, where the iris is adherent to the posterior surface of the cornea 
and forms an anterior synechia. The point of the pjrriform pupil is at this place, 
and here the anterior chamber is either shallow, or abolished. An anterior 
synechia may be produced also by a penetrating wound, when the iris is caught 
between its lips and becomes adherent. In this case the roimd form of the black 
spot makes it extremely probable that a round, eczematous ulcer perforated the 
cornea at this point during childhood. When the cicatrix composed of iris and 
cornea is of large extent it is called a leucoma adhcerens. 

We may have to deal therapeutically with a leucoma adhserens after a long time 
Has elapsed. When the surface over such a cicatrix, that contains both iris and 
cornea, becomes ulcerated a malignant infection may penetrate rapidly into the eye 
by way of the iris. Sometimes also it is advisable to divide tiie iris from the 
synechia for visual, or cosmetic reasons. Still more frequently such an anterior 
synechia induces secondary glaucoma by a partial occlusion of the angle of the 
anterior chamber. 

An early stage of this condition may be seen in this child with keratitis ecze- 
matosa. A peripheral ulcer has perforated and the anterior chamber is incom- 
pletely restored. The most striking symptom presented is a black brown knob. 
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larger than the head of a pin, which is raised above the surface of the cornea. 
This is a fresh prolapse of the iris. As the aqueous escaped the iris was drawn 
into and more or less through the opening, where it readily became agglutinated 
to the inflamed tissue about the edge of the ulcer. The color of a prolapse varies ; 
small ones are dark, but when the iris has been stretched a good deal it approaches 
a gray. The color also depends on the length of time the prolapse has existed, 
for an incarcerated iris that lies exposed to the air between the purulent margins 
of an ulcer soon undergoes further changes. The inflammation quickly seizes 
upon this portion of the iris, covers it with a gray layer of exudate and soon 
transforms it into a granulating tissue. Then the color is reddish gray. By de- 
grees brighter gray spots of connective tissue appear in it. If conditions are 
favorable, and it is not too large, the prolapse gradually flattens in consequence of 
the contraction and fusion of these cicatricial areas, until Anally nothing is left of 
the original prolapse except a scar evenly level with the cornea, through which the 
remains of the iris tissue shine darkly and with which the iris remaining in the an- 
terior chamber is directly connected. The pictiure now presents the condition seen 
in the previous patient. 

Two deviations from this normal course of healing of a prolapse of the iris are 
met with, one of which is to be seen in grave cases of ulcus serpens. When the con- 
traction of the cicatricial tissue in an extensive corneal ulcer is particularly great 
the entire cornea may be flattened. This is called applanatio corneas. Usually a 
prolapse of the iris is present in one place or another, though applanatio may oc- 
cur in cases in which a large portion of the cornea has been destroyed down only 
to Descemef s membrane. The cicatricial cornea also can undergo a high degree 
of contraction and produce what we call phthisis comece. 

In this case the cicatrix formed from the remains of cornea and prolapsed iris 
has not become flattened, but ectatic ; such an ectatic cicatrix of iris and cornea 

is called a staphyloma comece. The cornea 
is replaced by an opaque, hemispherical, 
protuberant cicatrix with an overhanging 
margin sharply differentiated from the 
sclera. The pigment of the iris shines 
through, giving it a bluish appearance ; the 
Fig. 27. -Staphyloma Comeae Totale. color is slate gray and black in places. It 

has received the name staphyloma because 
of its resemblance to a blue grape. Large bloodvessels coming from the con- 
junctiva are to be seen in it and it is evidently opaque. 

This is a total staphyloma of the cornea. Sometimes only a portion of the 
cornea is involved, when we have a partial staphyloma, the form of which is usu- 
ally not hemispherical, but conical (staphyloma conicum). At first the wall of a 
staphyloma is very thin ; but it gradually consolidates and dense cicatricial bands 
may be formed, which constrict it more or less, and give it the appearance of a 
staphyloma racemosum. In old staphylomata the wall is thick and white, with 
some dark spots. It is self evident that no anterior chamber exists in a case of 
total staphyloma, but it is otherwise with partial staphylomata, which are usually 
situated somewhere at the margin of the cornea. Then the tensely stretched iris 
is visible through the transparent cornea, and the further progress of the staphy- 
loma may be checked by an iridectomy. 

A staphyloma is understood to begin in this way : After the perforation has 
occurred the iris prolapses as the aqueous escapes, continues to protrude and, to- 
gether with the remains of the cornea, is transformed into cicatricial tissue. The 
larger the original perforation, the larger becomes the staphyloma. 
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The consequences produced by the formation of a staphyloma can be seen in 
this patient. Evidently vision is destroyed and we may be thankful when even 
perception of light remains. In partial staphylomata alone a portion of the vision 
may be preserved, or restored by an iridectomy. Aside from the disfigurement it 
produces, a staphyloma is a source of irritation to the eye. If the protrusion is 
so great as to be insufficiently covered by the lids, its surface becomes dry and finally 
ulcerates. Worst of all it increases the tension by the displacement of the angle 
of the anterior chamber. As the tension increases glaucomatous pains commence 
and the last degree of vision dies out along with the development of a glau- 
comatous excavation of the optic nerve. The increased tension drives the wall 
of the staphyloma still farther forward and makes it thinner ; it may rupture, col- 
lapse and refill, until finally an intraocular infection terminates the process by an 
atrophy of the eyeball. In young persons the sclera may yield and give rise to 
an intercalar, or ciliary staphyloma. 

These facts justify us in attempts to prevent the formation of a staphyloma 
whenever possible. An iridectomy should be performed immediately to counter- 
act the increase of tension as soon as a corneal ulcer shows a tendency to protrude, 
but this can be done only when a portion of the anterior chamber is present. Noth- 
ing can be done in a case of total staphyloma except to remove it. When the staphy- 
loma is very great and the entire eyeball is enlarged as well, enucleation is the 
best procedure, but when a stump can be preserved the prothesis will fit better and 
be more movable. In such a case it may be excised in the way described by Beer. 

The conjunctiva about the limbus is dissected up, a few sutures are inserted in 
it with which later to close the wound, it is then retracted, when the lower part 
of the staphyloma is abscised by a curved incision, the flap is seized with forceps 
and the upper part removed with scissors. The lens is then allowed to escape 
and the wound is closed by means of the sutures. 

If the perforation takes place in the region of the pupil it does not become 
plugged by a prolapse of the iris and the anterior chamber remains empty for a 
longer time. The lens is pushed forward until its anterior surface is in apposition 
with the ulcer ; the inflammation causes the epithelium of the anterior capsule to 
proliferate and so gives rise to an anterior polar cataract. Afterward the ulcer 
heals, the lens falls back with the iris as the anterior chamber is reformed, but the 
polar cataract remains a permanent evidence that the eye has suffered from a corneal 
ulcer, although the corneal opacity itself may clear up wonderfully. Sometimes 
such a cataracta polaris anterior may be produced without perforation of the ulcer 
by the diffusion of the toxic products into the anterior chamber, where they cause 
the epithelium of the anterior capsule to proliferate. 

Another complication, met with in cases of blennorrhcea, is the luxation of 
the lens. When the perforation of the ulcer takes place under high pressure, 
e.g., when the child is crying and squeezing its eye, the lens may be displaced for- 
ward suddenly, the fibres of the zonule may be ruptured and the lens is then found 
between the margins of the lids.' 

A rare consequence of the perforation of a corneal ulcer is a grave intraocular 
hemorrhage. If the chorioidal, or retinal vessels of the patient are arteriosclerotic 
the sudden loss of tension produced by the perforation may cause them to rupture, 
and allow large quantities of blood to escape into the eye. The hemorrhages 
may be so great as to press the entire contents of the eyeball through the aperture. 
This happens sometimes in cases of absolute glaucoma in which the perforation of 
a corneal ulcer takes place. A pressure bandage, absolute rest in bed and exen- 
teration form the entire treatment. 

Although perforation usually exerts a favorable influence upon the course of 



150 ULCUS SERPENS 

the ulcer itself, yet it is sometimes followed by an extension of the infection into 
the eye and the production of panophthalmitis. This happens in cases of grave 
blennorrhcea and ulcus serpens. 

These are at least the most important sequelae of corneal ulcers. They inflict 
a greater or less loss of vision every year upon thousands ; a sufficient reason why the 
patients, and the members of their families, should have their attention directed 
to them, and that proper treatment of the corneal ulcers should be urged. 



35. Clinical Picture of the Pneumococcus Ulcer (Ulcus Serpens) 

and its Social Aspect 

The various causes that may produce corneal ulcers need to be studied in con- 
nection with the clinical pictures they inaugurate. More or less of the cornea may 
be destroyed by a bum of the eye with an acid or alkali ; when the necrosed por- 
tion is thrown off an ulcer remains, the origin of which is revealed by the history. 
Much more often the ulcers met with are the results of infection and are of greater 
practical importance. ^ 

We have here an old man whose eye was slightly injured a few days ago by 
a twig of a tree ; the injiuy was so slight that at first it scarcely attracted his at- 
tention. A day or two later he began to suffer from severe pain in the eye, 
especially at night, and now a fresh ulcer is to be seen in the cornea. 

In order to ascertain the cause of this ulcer a bit of material is taken from its 
margin, with a strong platinum needle, after the eye has been cocainized, smoothed 
out on a cover glass, stained with dilute carbolfuchsin and then examined under 
the microscope. Numerous lancet shaped diplococci are thus found about the 
pus cells, a few within them. This microorganism, the FrasnkelrWeichselbaum 
diplococcus lanceolatus, is the ultimate cause of a definite form of corneal ulcer, 
the ulcus cpmeae serpens. This ulcer is met with in middle and old age and always 
is preceded by an injury. It is not met with in childhood, although pneimiococci 
are found frequently in the corneal ulcers of children. The people who suffer 
from ulcus serpens belong, almost without exception, to the working classes ; farmers, 
reapers, etc. The trouble always follows an injury, but the traumatism may be 
so slight as to escape the notice of, and even be denied by the patient. 

In the majority of cases signs of chronic conjunctival catarrh at least may be 
found, and very often a disease is present which is of serious importance in such 
superficial injuries of the cornea, dacryocystitis. If pressure over the region of 
the lacrymal sac produces regurgitation of a mucous or purulent secretion, the 
physician must consider the danger that an ulcus serpens may develop when a 
superficial injury occurs to the cornea. If such an ulcer already exists "Qie physi- 
cian turns instinctively to the lacrymal sac. Dacryocystitis is present in certainly 
more than half the cases of ulcus serpens. Strictures of the lacrymal passage may 
exist even when there is no profuse flow of pus from the sac ; these will be found 
the more frequently as they are sought for more carefully. 

The examination for coincident lacrymal disease in a case of ulcus serpens is 
of great importance, because this is the chief source of supply of the agents that 
provoke the ulcer. A slide prepared from the pus of the lacrymal sac shows it to 
swarm with pneumococci. It must never be thought that these agents were intro- 
duced by the foreign body that inflicted the injury, they invariably enter the in- 
jured place as a secondary infection. A lesion of the epithelium of the cornea 
always must exist before these germs can secure a foothold in the living tissue. 



CUSICAL PICTURE OF ULCUS SERPENS 151 

The intact healthy epithelium is impermeable to pus agents and forms an efficient 
protection to the eye, even when that organ is inundated day after day for years 
by thousands of these germs, when dacryocystitis is present. 

Even when there is no dacryocystitis, pneumococci find their way into wounds 
of the cornea. Tliey are met with not rarely in chronically inflamed conjunctivae. 
Many patients have the bad habit of washing their eyes with saliva^ which nearly 
always contains pneumococci when the mouth is not properly cared for. Abun- 
dant opportunities occur for infection among these people and ulcus serpens is a 
fairly common disease. In many eye clinics it forms five or six per cent of the 
clinical material. The bacteriological investigations made by Chthqffl Aarenfirld 
and others have demonstrated that, in the overwhelming majority of cases, ulcus 
serpens is caused by the diplococcus lanceolatus« the same germ which is the 
agent in croupous pneumonia. I myself obtained pure cultures of pneumococci 
in 95 out of 100 cases of ulcus serpens in the eye clinic at Wuerzburg. 

Mild and grave cases are met with, as in every disease. The severity of an 
attack depends on the general susceptibility, the local power of resistance in the 
cornea, the nature and severity of the injury and, by no means least, on the viru- 
lence of the pneumococci present. 

Each ulcer begins with an infiltration which, under favorable conditions, may 
proceed no further; in such cases we speak of a pneumococcal infiltration, not of 
an ulcer. 

As soon as a more serious infection takes place severe pains are felt in the eye 
and head, that are aggravated at night. The cornea about the defect in tlie epi- 
thelium becomes cloudy, and a yellowish white infiltrate appears in one or more 
places, usually in the margin of the defect. In a later stage the ulcer presents 
itself as a gray white, or yellowish gray, disclike opacity in the central {mrtion of 
the cornea and cannot be mistaken. The reason why the centre of the cornea is 
the part regularly attacked is because it is the most prominent portion and therefore 
the most apt to be injured. The cloudiness is more meu*ked at the margin than 
in the middle of the ulcer. Usually the infiltration of pus is greatest on one side, 
and indicates the direction in which the ulcer tends to spread ; this place has been 
termed the edge of progression and contains great masses of pneumococci. 

In order to understand correctly the clinical picture of ulcus serpens some of 
the details of the fight made by the eye against the invading microbes need to be 
recognized. With the aid of a loupe it can be seen that the ulcer is surrounded 
to a great extent by a delicate gray areola, and that fine, radiating, gray striae ex- 
tend from its margin far into the clear cornea. These fine striae are formed of 
wandering leucocytes, which come from the marginal network at the limbus and 
press toward the focus of infection. They have been called leucocyte paths (Leu- 
cocy tenstrassen ) . 

The symptoms in the anterior chamber and iris are very marked. An accumu- 
lation of pus, a hypopyon, forms at the bottom of the former. The latter is dis- 
colored, its details are indistinct, the pupil is contracted and an exudate is formed 
at its margin which is productive of posterior S3mechiae. One characteristic of 
ulcus serpens is that the entire pupillary portion of the iris appears to be peculiarly 
and uniformly reddened. In other words, every grave, freshly formed ulcus ser- 
pens is accompanied by an iritis, the origin of which should be understood. 

The toxic products of the infection are not confined to the cornea, but pene- 
trate by diffusion into the anterior chamber, in the same way as atropin. In the 
anterior chamber they have a good opportunity to excite an inflammatory hyper- 
aemia of the iris, as well as a contraction of the pupil, by their action upon the 
bloodvessels of the iris and ciliary body. If the toxic irritation is sufficient pus 
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cells emerge from these vessels toward the focus of infection, the aqueous becomes 
more and more cloudy, the pus cells cling to the posterior surface of the cornea, or 
sink to the bottom of the aqueous, an excretion of fibrin is added and the h3rpopyon 
is formed. Thus a secondary toxic iritis is excited by the primary focus of infec- 
tion in the cornea. As the ulcer is superficial, at first destroying only the outer- 
most layers of the cornea, and as Descemefs membrane is a very resistant 
tissue which does not permit the passage of cells, the hypopyon remains composed 
of sterile pus, free from pneumococci, as long as no perforation takes place. 
When the latter happens the infection naturally may extend into the eye, and pneu- 
mococci may be found in the anterior chamber and even in the vitreous. 

The clinical pictiu^s of this disease vary from the minute pneumococcal infil- 
tration, which heals smoothly and leaves scarcely a visible trace, to the complete de- 
struction of the cornea, with final suppuration of the contents of the eyeball, in 
proportion to the malignancy of the microorganisms and the power of resistance 
of tiie tissues. The cases may be divided into three groups, the mild, the mod- 
erately severe, and the gravest forms of ulcus serpens. 

Whatever may be the course of healing in the individual cases the results are 
always the same ; cicatrization in the cornea. These results may be illustrated by 
a few cases. 

In the first case may be seen a central, comparatively transparent cloud over 
the pupil, which may properly be termed a macula. There are some adhesions of 
the iris to the lens capsule (posterior synechise) and the vision is much impaired. 
In the second case the consequences are much worse. A large part of the cornea is 
occupied by a white leucoma which leaves only a narrow margin of clear tissue. 
The superficial and middle layers of the cornea were destroyed over a large area 
and the loss of substance thus produced was filled in with new vascular tissue. 
Large bloodvessels may be seen passing through the leucoma. The sight of such 
a case as this leaves the indelible impression that ulcus serpens is one of the most 
dangerous diseases of the eye. 

So much stress might not be laid on the clinical study of this disease if it did 
not have an important social aspect. It is a disease of the laboring classes, it always 
destroys the central part of the cornea which is necessary to vision, it follows slight 
injuries and is therefore classed as an accident; these facts explain its great social 
importance, a conception of which may be gained from this table. 

Ulcus Serpens in the Agriculture and Forestry Association of Unter- 
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29 
38 
60 
45 
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11 
24 
29 
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33 


37.9 
63.1 
48.3 
66.6 
62.0 
60.0 



This table presents the material collected in the Agriculture and Forestry 
Association of Unterfranken, of which I formerly had charge, under an agreement 
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with the kingdom of Bavaria, so far as it relates to ulcus serpens. It shows that 
the reported injuries of the eye have increased from year to year, an increase 
which is chargeable directly to this disease. From the first there was no doubt in 
the minds of the members of the association that grave injuries of the eye, 
whether perforating or contused, entitled them to the insurance benefit. But 
after a few years, after the purpose of the accident insurance law became under- 
stood more widely, and the fact became generally known that an ulcus serpens fol- 
lows a slight injury, the sufferers learned to claim indemnity for trivial injuries 
as well. In 1889, when the law was passed, there was not a single ulcus serpens 
among the three reported injuries of the eye. In 1890, 1891 and 1892 it formed 
only 28.5 and 18.7% of the injuries of the eye in this association. From 1893 
on the number of ulcera serpentia reported as accidents increases rapidly and 
constitutes at least one half of the reported injuries of the eye. The majority of 
these persons draw their indemnities permanently. The official statement of the 
government for Wuerzburg is that from the time of the passage of the law to 
December 31, 1901, a period of thirteen years, 35,000 marks had been paid by 
this association alone to persons who had suffered from ulcus serpens. When it is 
taken into account that there are in Germany forty four such agricultural and 
forestry associations, and that there are forty nine other associations connected with 
this industry, it is evident that the total accident indemnity for ulcus serpens is an 
enormous amount, even though the conditions vary in different associations and in 
different regions. To this must be added the expense incurred in the nursing and 
care of these cases, as well as the loss of wage earning power, and of the pleasures 
of life incurred by the victims of this injury, in order to obtain an adequate con- 
ception of the great importance of this disease to the family, the community and 
the State. This must continue to increase unless an advance is made in its 
prophylaxis. 

36. Therapy of Ulcus Serpens and the Duty of the General 

Practitioner in its Prophylaxis 

We have now two problems to solve : first to learn to treat this disease itself ; 
second to consider how far and within what limits the general practitioner can 
take part in the prophylaxis of this corneal infection which is productive of such 
serious consequences. 

L Treatment of Ulcus Serpens 

The therapy of ulcus serpens is a problem on which our science is constantly at 
work, so, in order to inform ourselves concerning all the factors concerned, we pro- 
ceed in this clinic in the following manner. 

After cocainization of the eye a bit of tissue is taken from the progressive 
margin of the ulcer with a flat needle, prepared on a cover glass and examined to 
determine whether the pneumococcus is the morbific agent. This is necessary, be- 
cause a similar clinical picture may be produced by diplobacilli. If pneumo- 
cocci are present cultures are made from the margin of tiie ulcer. Then before 
treatment is commenced two questions are to be considered : 

First, whether a dacryocystitis is present. If there is a purulent condition of 
the lacrymal sac containing pneumococci, the treatment of the ulcer is begun in- 
directly by the extirpation of the sac, for it is not quite a matter of indifference 
to the course of the ulcer whether or not its surface is constantly inundated by 
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thousands and thousands of these pathogenic germs. This purulent dacryocystitis 
is present in more than 60% of the cases of ulcus serpens. 

If the lacrymal sac has been removed, or if no dacryocystitis is present, the 
choice of treatment depends on the character of the ulcer, which may be very 
malignant, moderately severe, or mild. 

In mild cases the process may cease with a little pneumococcal infiltration, or 
with an ulcer having a fine, gray wall, which may heal in a few days. In the 
moderately severe cases a progressive tendency is unmistakable, but the symptoms 
of irritation and the distant effects upon the iris are comparatively slight, while 
the progression is gradual. In malignant cases the inflammatory symptoms are 
very severe; there is a marked chemosis of the conjunctiva and a dense, broad, 
yellow, purulent wall at the margin of the ulcer in the cornea, which advances 
rapidly, and constantly starts new foci in the deeper layers. An ulcer may appear 
to be not so very malignant at first and then suddenly spread. Secondary infec- 
tions with staphylococci are not uncommon in large, malignant ulcera serpentia. 
The general practitioner cannot decide what form of treatment is indicated because 
he lacks the necessary experience ; it is therefore his duty to send his cctses of ulcus 
serpens to the clinic^ or to the ophthalmologist xdthout delay. When this is impos- 
sible he may act along the following lines. 

In a case clinically so malignant that it is to be feared that the advance of the 
ulcer cannot be checked, the progressive margin should be cauterized immediately 
with the galvanic cautery, in order to destroy the morbific germs and arrest the pro- 
cess. In addition sublimate ointment, or an antiseptic powder, like iodoform or 
airol, may be applied to the surface of the ulcer, but these means are scarcely ever 
able to kill the morbific agents in the living tissues; their destruction is attained 
much better by cauterization, which at present is the sovereign remedy in the treat- 
ment of ulcus serpens. 

Scemisch recommended a free incision across the ulcer. A narrow knife with 
its edge directed forward is introduced at the margin of the come€^ passed from 
one limbus to the other, and the cornea is cut across through the centre of the ulcer. 
The aqueous escapes and, according to his directions, the wound should be reopened 
several times with a stylet. There is no doubt that recovery is promoted in 
many cases by this artificial perforation, just as benefit is obtained from spon- 
taneous perforation, yet I decline to perform this operation. Very often the iris 
prolapses between the lips of the wound and forms a leucoma adhaerens which may 
produce further trouble, and, even when the result is good, a scar is left that passes 
through the middle of the cornea and creates conditions not favorable to the suc- 
cess of a subsequent optic iridectomy, which must be made in the palpebral fissiu^. 

Grave cases of ulcus serpens may be treated by paracentesis, when a reduction 
of the tension by an artificial opening of the anterior chamber is indicated. A 
keratome is introduced at the limbus into the anterior chamber and the aqueous is 
allowed to escape slowly. If the knife is withdrawn too quickly the sudden fall 
of tension may induce a hemorrhage, especially in old people with atheromatous 
bloodvessels. Such a paracentesis is necessary in many cases immediately after 
the cauterization, or subsequently, when the hypopyon is large, viscid and cannot 
be absorbed readily. In such cases the thick, coagulated lumps of pus must be 
removed with forceps through the wound. Frequently it is not imtil after the re- 
moval of such a hypopyon that it can be seen distinctly how corroded is the base 
of the ulcer, or how great is its extent. After the ulcer has been cauterized and the 
hypopyon removed, atropin is instilled, the eye is bandaged and the patient placed 
in bed. Atropin must be use<l freely in all cases of ulcus serpens to counteract 
the iritis and the formation of posterior synechiae. Thus far the treatment of a 
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grave ulcus serpens is simple and clearly indicated. Most ophthalmologists rightly 
consider this radical cauterization the surest form of treatment ; it certainly far 
surpasses ail methods of purely conservative treatment with antiseptics. I believe 
this, and yet I believe that cauterization cannot permanently remain the ultima 
ratio of the therapy of this ulcer. According to my conception of the nature of 
the process of infection and of its healing, it seems to me to be going too far to 
cauterize all ulcera serpentia. We should rather try to avoid cauterization when- 
ever a radical operation is not absolutely necessary. This proposition is supported 
by the following clinical facts. 

First, it happens not infrequently that cauterization performed once, twice, or 
three times does not accomplish its purpose, because certain pneumococci escape 
and new generations gain a foothold in the necrotic areas. 

Second, and I want to emphasize this point, there are cases in which the con- 
dition grows worse after the cauterization. 

Third, it cannot be disputed that the cautery destroys not only the cocci, but 
also tissue of the cornea which contains only exudate and is still capable of re- 
covery. The destruction, or at least vital injury to the function, of perfectly 
healthy corneal tissue cannot be avoided in many cases if the cauterization is 
thorough, no matter how carefully it may be performed. 

Fourth, some ulcera serpentia recover spontaneously without progression ; in 
these cauterization is unnecessary. 

Fifth, there is no doubt that the corneal opacities which remain after cauteri- 
zation are more extensive and more opaque than those left when the disease is 
overcome by the living tissue. This undisputed fact is proven not only by clinic- 
al observation on the human eye ; I have demonstrated it with exactitude by animal 
experiment. 

Sixth, the collective results of the treatment of ulcus serpens up to the present 
time, in which cauterization is the principal remedy, make any attempt to gain 
even a slight advance seem desirable, lliis is acknowledged even by ophthal- 
mologists who regard serum therapy with little favor. These reasons justify the 
inquiry whether we need to cauterize immediately ulcera serpentia which do not 
demand immediate cauterization. The question is how to try to arrest the infec- 
tion and promote spontaneous healing. 

I have based the serum therapy of ulcus serpens on the knowledge that in bacte- 
rial infections an advance in treatment is to be sought only in the specific etiolog- 
ical therapy. We introduce into the body of the person suflPering from a pneu- 
mococcal infection of the eye specific antibodies, in the expectation that these 
will counteract the infection and so render it easier for the body to overcome the 
disease. This proposition, which a priori seems reasonable, rests upon the fact, 
first established by Loeffler^ that the eye, and particularly the cornea, partakes in 
the immunity of the entire organism. I have tested this biological law repeat- 
edly, on the broadest lines, for all infective agents. Without exception it is proven 
that the antibodies are able to penetrate into the nonvascular cornea in general 
active and passive immunization. The opinion which many hold that the cornea 
does not participate in the immunity produced by vaccination is incorrect. This 
immunity is the one in which the participation of the cornea was demonstrated 
with great exactitude by my assistant Grueter. Like every serum therapy this one 
has its limits. 

The limits of serum therapy are narrower for corneal diseases than for infec- 
tions of other organs. This is inherent in the metebolism of the cornea, in the 
fact that the antibodies can penetrate only to a moderate degree and slowly into 
the tissue. If these limits of serum therapy in the cornea are borne in mind 
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only moderate results will be expected from it in ulcus serpens, and its value 
will not be overestimated. It is announced, with a certain degree of satisfaction, 
that the serum treatment cannot supplant the old, radical, operative treatment of 
ulcus serpens. I have never expected that it could. Such a demand is not reason- 
able; it is not even just. There is no therapy in ophthalmology which can com- 
pletely supplant other therapeutic measures. This is true of all operative and 
medicamental procedures. If so great a demand is made on the serum therapy of 
ulcus serpens a priori as the criterion for its right to exist, the slight advantage thus 
obtained may be too easily lost. Our therapeutic knowledge advances but slowly, 
and we should be thankful for a little gain. Tliis gain^ which in my opinion is 
obtained through the specific serum treatment of ulcus serpenSy is the healing of 
quite a number of ulcers which otherwise would have had to be cauterized. I con- 
sider this an advance because in these cases the conditions are more favorable for 
the clearing up of the corneal opacity than after cauterization. In what cases the 
serum therapy can accomplish this purpose, and in how large a percentage it is 
sufficient, has not yet been decided. The result depends on the malignancy of the 
case, the dosage, the nature of the serum and the species of the pneumococci. 

It is very difficult to determine positively that tiie serum was really of use when 
healing has followed its administration, though certain clinical signs are of assist- 
ance. During the first and second days after the injection of the serum there is a 
strong local reaction at the margin of the ulcer and then the progressive edge melts 
away quite rapidly. To obtain a better criterion from which to judge whether a 
favorable turn of the disease after the use of serum is due to this therapy, a culture 
of pneumococci is made from the ulcer and this stock is tested, first, to determine 
its virulence, second, to ascertain whether the serum is able to overcome an infec- 
tion with it in the body of an animal. 

A dose of serum is injected into a number of white mice ; twenty four hours later 
these, together with a number of controls, are infected with varying quantities of 
the pneumococcal culture. In this way a useful indication of the virulence of the 
stock is obtained, while at the same time the experiment proves whether antibodies 
are present in the serum employed, which can specifically arrest the action of the 
stock from the ulcus serpens in question. It has been learned from these experi- 
ments that the stocks of pneumococci in ulcera serpentia vary greatly in virulence. 
Grenerally speaking, the more malignant the ulcer, the more virulent is the stock 
of pneumococci. 

A comparison of the virulence of stocks taken from ulcers the spontaneous 
healing of which may be awaited, and from those in which cauterization is neces- 
sary, with that of stocks taken from ulcers that have recovered under serum treat- 
ment goes to show that serum may accomplish its purpose in cases which otherwise 
would not have healed spontaneously. In support of the clinical observation the 
conclusion may be drawn from this, at least with some probability, that when such 
an ulcer heals under serum treatment the addition of the antibodies was not wholly 
in vain, and that the immunization of the body aided the healing in a manner 
analogous to that ascertained to take place in animals by experimental infections 
of the cornea. This is our criterion by which to judge what part serum plays in 
the treatment of ulcus serpens. We have none better, and ophthalmology has the 
advantage over other specialties that the lesions are so plainly to be seen. But the 
actual conditions of serum therapy are more complicated, for the parallelism between 
the virulence of the pneumococci in animals and the clinical course of an ulcus ser- 
pens is not mathematical. This indeed is not to be expected, because in all diseases 
the susceptibility of the individual, as well as the virulence of the pathogenic agent, 
affects the entire course. Hence a very virulent stock may be taken from an ulcer 
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which runs a benign course, or a malignant ulcer may contain much less virulent 
pneumococci. All these experiments serve to answer the one question, whether it is 
probable that serum can be of use in many cases. It can no longer be denied that 
there are cases in which a curative action of' the pneumococcus serum is exhibited 
very distinctly. Clinical observation has confirmed that which at first I demon- 
strated experimentally : the eye partakes of the general immunity of the organism 
and the cornea is not excluded from this participation because of its lack of blood- 
vessels. The questions whether a successful result can be anticipated in any given 
case, and whether the cases fitted for serum therapy can be selected by purely 
clinical observation, must still be answered in the negative. It is certainly easy 
to treat only mild cases with serum, but spontaneous recovery occurs and no mild 
case that recovers after the use of serum can be said to have been cured by the 
remedy. The curative substances produced in the bodies of animals follow fixed 
pharmacodynamic laws. On the other hand I believe, with the majority of the 
advocates of immunity, that a lack of comprehension of the action of these sub- 
stances is shown when specific therapy is completely thrown aside because it fails 
in grave cases. The golden mean is evident to any competent judge. The stand 
I take is : to try the serum therapy in every case in which the malignancy does not 
necessitate an immediate cauterization, because spontaneous healing affords a 
better chance to the eye than cauterization. If the ulcer threatens to spread in 
spite of the serum treatment it is to be cauterized immediately. I am under the 
impression that even then the repeated cauterizations are fewer in number, and 
that in other respects the conditions for recovery are better in many cases, but 
this is not certain as yet. If the ulcer does not incline to spread I adhere to the 
serum treatment. 

It is true that a large expense has been incurred in vain in the cases in which 
cauterization has to be performed eventually, for the serum is not cheap, but I be- 
lieve that a clinic should provide these means. 

When the case is one in which the attempt to use serum therapy may be made 
without detriment to the eye 50 ccm of the pneumococcus serum are injected 
beneath the skin of the abdomen of the patient. It has been demonstrated that 
the antibodies are more concentrated in the antitoxic than in any other form of the 
serums that act antagonistically to infectious bacteria, and it has been proved that 
only a comparatively slight and transient concentration of the antibodies is ob- 
tained in the human body, even when large quantities of the serum are used, be- 
cause of the dilution it undergoes. It has bc^n proved with regard to diphtheria 
serum that large quantities must be used to obtain its curative power, and this is 
applicable even more to the other serums. It is commonly known that this way 
of using serum is harmless and even the totally unfounded fear of anaphylaxis is 
gradually disappearing. Under certain conditions the small doses of serum are of 
value, but therapeutic results are not to be expected from them. Pneumococcus 
serum therefore is to be given in doses of from S5 to 50 ccm because smaller ones 
are ineffectual. After the injection the patient is put to bed and serum free from 
carbolic acid is dropped on the ulcer several times a day in order to bring the 
antibodies into direct contact with the diseased tissue. The local use of the serum 
alone is insufficient, as I have demonstrated experimentally. A transient increase 
of the hypopyon does not always indicate progression, it may occur because more 
toxic products have been set free by an increased mortality among the bacteria. 
The guiding factor is the behavior of the progressive margin of the ulcer. This 
may be increased by a local reaction, but when it exhibits no tendency to melt 
away at the end of twenty four or forty eight hours, or when other signs of a true 
progression are present, such as the formation of new foci, cauterization should be 
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delayed no longer. When signs of improvement appear the injection should be le- 

Cated on the second or third day. By that time it is certain whether anything can 
hoped for from this form of treatment in that particular case. We can wait 
somewhat longer for deep infiltrations which do not spread in the base of an ulcer, 
because they require a longer time for absorption and the cautery must he passed 
deeply into the tissue in onlerto reach them. As the founder of this specific serum 
therapy for ulcus serpens 1 am free from Utopian ideas and prejudice, but 1 maintain 
that the little progress fortunately secured by this form of treatment should not be 
cast aside. It would be agraveinjury to our science and to our patients if we should 
weary of the only rational therapy, that directed against the etiology of the disease 
in the way indicated by the study of immunity. Whoever expects a miracle from 
the word serum is under an illusion. If we use the specific antibodies in selected 
cases of pneumococcal inflammation of the eyes and are sufficiently alert to discon- 
tinue the experiment in time, whenever necessary, without injury to the eye, wehave 
done all that science demands from the newly established point of view. A single 
eye saved in this way with a faultless cornea compensates amply for the failures. 
It is self evident from the difficulties that beset the spe- 
cific etiological therapy that a nonspecific serum therapy 
is hopeless in ulcus serpens. This fact was to have been 
expected from the results of the study of immunity, and 
has been demonstrated by Axenfeld and his student 
Happe. There is no scientific foundation for the idea 
that such nonspecific serums as diphtheria serum and 
Deutschmann's yeast serum can possibly produce any 
effect upon a pneumococcal infection of the cornea. 

When an ulcer is in its final stage, when the progress 
of the infection has been checked, the necrotic, infiltrated 

C' i of the margin have been cast off and the base has 
me clean, the object of therapeusis is to aid the 
Fig. 28.— Thermophor on processes of healing in filling up the defect. Hot, 
the Sight Eye. moist compresses with our thermophor are applied to 

the eye for hours at a time. 

Frequently the final results of an ulcus serpens also demand therapeusis. 
When the ulcer was not veiy malignant, or was arrested in so early a stage that 
the corneal opacity left seems to be capable of becoming more transparent, the eye 
should be massaged with yellow ointment for weeks and months. In young persons 
the opacity sometimes becomes remarkably small and clear in the course of the 
first year. When such an event may be expected, and the case is one which has 
been reported as an accidental injury, the association should he advised to have a 
reexamination made at the end of a year. After no further increase in trans- 
parency can be hoped for operative measures often are necessary. 

In some cases cosmetic reasons seem to demand that the white scar in the centre 
of the cornea should be tattooed. This operation is often performed in combina- 
tion with an optic iridectomy. When the centre of the cornea is occupied by 
a dense, opaque leucoma, while a part remains clear at the periphery, a slight 
amount of vision may be restored by this operation, which allows the light to 
enter the eye through the peripheral portion of the cornea and lens. 

Other operations that are necessary at times are exenteration, when the ulcer 
has perforated and the vitreous has become purulent or an iridectomy to 
reduce increased tension after the ulcer has run its course, or an operation for 
staphyloma. 
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n. The Duty of the General Practitioner in the Prophylaxis of Ulcus 

Serpens 

The more we study ulcus serpens the stronger grows the impression that this is 
one of the most dangerous diseases of the eye, that it is one fraught with the 
most serious consequences. Therefore every effort should be made to promote 
prophylaxis, which can be attained only step by step through the education of gen- 
erations of physicians. There are two ways in which the general practitioner can 
render very efficient aid. 

The most important source ot infection in ulcus serpens is dacryocystitis. In 
the majority of cases the pneumococci which infect the small, superficial wounds of 
the cornea come from the lacrymal sac, and as we have learned already, a spon- 
taneous recovery from dacryocystitis cannot be expected among the laboring classes. 
Many cases of ulcus serpens could have been avoided by the timely extirpation of 
the diseased lacrymal sac. The most important prophylactic measure which can 
be undertaken is the early performance of this operation, introduced as a means 
of prophylaxis by Axenfeld. It can be performed under cocain anaesthesia and is 
absolutely without danger. Advise all patients, especially if they belong to the 
laboring classes, to have a suppurating lacrymal sac extirpated. By doing so 
many an eye can be guarded against ulcus serpens. 

The second duty of the general practitioner in the prophylaxis of ulcus serpens 
is not to undertake the treatment of a case himself, but to send it immediately to 
the specialist. 

I always strive to define the limits within which a general practitioner can 
practice ophthalmology, and I believe that I make these limits broader than many, 
but ulcus serpens is not a disease the treatment of which should be entrusted to 
any one who has not had the training of a specialist. The bad results today, as 
seen by a review of the entire material of a clinic, depend in great part on the fact 
that the patients arrive too late. To illustrate this fact I append this table of 
forty cases of ulcus serpens treated in my clinic, showing the number of days that 
had elapsed between the receipt of the injury and the admission. 
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These statistics tell a sad story. Twenty-five per cent, of all the cases came be- 
tween the second and the fifth days, 25% more between the seventh and the tenth, 
and 25% more between the thirteenth and sixteenth days after the receipt of the 
injury. I know very well that this is due in a great many cases to the negligence 
of the patients, but in not a small number better results might have been obtained 
if they had received timely and energetic advice to place themselves at once under 
the care of a specialist. Still there is one thing that I think the general practi- 
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tioner can do, particularly in the country, whence most of these cases come. As 
no time should be lost, and only too frequently valuable time is lost before the 
patient can reach the specialist, I advise the physician to examine a slide prepared 
from the margin of the ulcer and, if pneumococci are found, to administer a pro- 
phylactic injection of pneumococcus serum. The earlier the disease is recognized 
the more urgent, in my opinion, is the indication for such a prophylactic injec- 
tion, for there is no doubt tiiat the prophylactic effect of a specific immunization al- 
ways gives a better prospect of success than a therapeutic use of the same remedy at 
a later stage. This law of immunity applies to the serum therapy of corneal infec- 
tions and has been tested in the cases of all pathological agents met with in the eye. 
In an infection of the cornea with virulent pneumococci, furnished with thick cap- 
sules, the most favorable time for a specific serum therapy is past in a few hours. 
Such virulent, so called serum fast, generations of pneumococci, which are little 
accessible to the antibodies, can originate during the course of the infection. The 
earlier they are counteracted by the specific antibodies the more favorable a priori 
will be the conditions. One fact is unfortunate. There are stocks of pneumo- 
cocci against which the serum is ineffective ; this is true of all kinds of anti infec- 
tious serums. This fact is taken into account in the manufacture of serums and 
a large number of stocks is always used in making the serums provided for immu- 
nization. It is therefore possible that the prophylactic injection of serum may 
prove to be ineffective in any particular case, but this can never be knowh in ad- 
vance. Our results would be still better if we could use homologous serum, but 
this is impossible and we have to be content with coagulated horse serum. 

The prophylactic extirpation of the lacrymal sac in dacryocystitis, the sending 
of a case of ulcus serpens immediately to the specialist, and the prophylactic 
injection of serum after a positive diagnosis of a pneumococcal infection has been 
made, constitute all that it is in the power of the general practitioner to accom- 
plish. We will be thankful for such assistance, and so will be the patients, 
for prophylaxis is the most important point in the fight against ulcus serpens. 

37. The Diplobacillus Ulcer of the Cornea 

At the first glance this ulcer appears to be quite similar to ulcus serpens. It 
is situated almost in the centre of the cornea, is fairly extensive, is disc shaped, 
and has its margin distinctly more infiltrated on one side. It is also accompanied 
by an iritis and a fibrino purulent exudate at the bottom of the anterior chamber, 
which may be called a hypopyon. 

Yet this is not an ulcus serpens. The expert can frequently distinguish it by 
its clinical appearance. An ulcus serpens of this size usually shows signs of depu- 
ration in a certain place, while in this ulcer the infiltration is about the same in 
all places and the base seems to be much more deeply infiltrated than is common in 
ulcus serpens. The processes of progression and depuration do not go hand in 
hand in this ulcer so much as they do in the other. After the ulcer has healed 
symptoms of irritation persist in the eye for a considerable length of time. But 
its etiology can be determined positively only by a bacteriological examination. 
The agent of the ulcus serpens is the pneumococcus ; the agent in this disease is 
the Morcuc-A,veTifeld diplobacillus. The origin and course of these ulcers are anal- 
ogous to those of ulcus serpens. A slight erosion of the epithelium of the 
cornea permits the entrance of diplobacilli, the chemotactic action of which pro- 
duces infiltration and suppuration ; an ulcer is formed which spreads and may 
reach a considerable size. 
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The processes of healing in these ulcers are very interesting. Their malig- 
nancy is not so very great in comparison with that of ulcus serpens, even when 
the case appears to be serious. We meet with signs of bacteriolysis, as well as of 
phagocytosis, in their spontaneous healing. I have found bactericide material in 
human blood serum which acts energetically upon these bacilli, and this furnishes 
an explanation why these ulcers heal under the treatment we employ. 

We know from experience that +hese ulcers heal with greater difficulty after 
they have been cauterized. The bacteria multiply again very rapidly in the burned 
portion and therefore the adjacent corneal tissue should be injured as little as pos- 
sible by the treatment. Our purpose is attained best, according to the experience 
of Axeiifeld, Erdmann, McNab^ and others, by the use of zinc, just as in diploba- 
cillus conjunctivitis. The zinc should be used frequently, dropped directly on 
the surface of the ulcer and applied' at night in the form of an ointment. It has 
been shown already, in the study of diplobacillus conjunctivitis, that the zinc does 
not directly kill the microorganisms, so we must conclude that the remedy acts 
through a change produced in the metabolism and indirectly aids the tissue in its 
fight with these bacteria. Still we meet with cases that do not recover quickly 
under the influence of zinc, and with others that recover spontaneously without 
it. To instill the drops the head of the patient is bent somewhat backward and 
the conjunctival sac is filled with a weak solution of zinc several times during 
the day, sometimes every hour. In the evening zinc ointment is applied to the 
ulcer. 

I have dwelt on this ulcer for three reasons : to demonstrate that the diploba- 
cillus is able not only to excite a conjunctivitis, but also to injure the cornea, to 
show how the curative influence of the remedy employed is intelligible, and to im- 
press the necessity of making a positive diagnosis by the bacteriological examina- 
tion of slides in every case in which ulcus serpens is suspected and in which the 
patient cannot be sent immediately into the clinic. In case of certainty pneumo- 
coccus serum, may be injected, but such an injection would be useless in a diplo- 
bacillus ulcer. The general practitioner, when in position to make such prophy- 
lactic injections, must learn and be guided by the etiology. 

There are other infections of the cornea which, though rare, should be men- 
tioned. A keratitis is met with which is caused by infection with »nold Jungi. 
A circular opacity forms about, and at a little distance from, the central focus, in 
which the foreign body that inoculated the spores may sometimes be found. The 
central ulcerated portion presents a peculiarly dry, rough appearance and is finally 
sloughed off. There are also mild cases of mold fungus keratitis that resemble 
migratory ulcers. All of these are produced by the aspergillus fumigatus. The 
effect of this fungus upon the cornea has been studied particularly by Leber in his 
able work on the origin of inflammation. In very rare cases of h3rpopyon keratitis 
Stoewer and Lundsgaard found a rose colored yeast (Rosahefe). I have also a 
slide showing bacteria first found by zur Nedden in a number of infectious 
marginal ulcers. 

38. Keratitis Parenchymatosa 

We come now to the study of a disease of the cornea which often is not recog- 
nized at the decisive moment, yet is of great interest, not only to the specialist, 
but to the general practitioner as well, because it is an evidence of a general dis- 
ease of the organism. The most important points in the clinical picture may be 
pointed out in this patient and afterward we may look at several others. 



162 KERATITIS PARENCHYMATOSA 

The ciliary injection preponderates over the conjunctival. The cornea appears 
to be uniformly cloudy, its surface dull and without lustre. The vagueness of the 
opacity indicates that it is situated deeply in the tissue. By means of Zeiss' 
loupe the cloudiness may be resolved into separate maculae, none of which are 
superficial. The deep situation of the opacities is proven positively by the mi- 
nute, tufted vessels which can be traced between them and disappear at the limbus. 
An inflammation like this in the deeper layers of the cornea is denominated a kera- 
titis parenchymatosa, or interstitialis. 

The clinical covu'se in a t}rpical case is as follows : Associated with increasing 
symptoms of irritation in the eye, sometimes with only a slight ciliary injection, 
a place at the margin of the cornea loses its lustre and becomes cloudy. By 
means of the loupe this cloudiness can be seen to be composed of little cloudy 
maculae. After a while similar opacities appear in other places at the limbus ; 
these gradually become confluent with the first and then the central portion is 
gradually encroached upon, until finally the entire cornea has a blue gray ap- 
pearance. The epithelium is minutely dotted so as to give the cornea an appear- 
ance as if it were smeared with fat. The time required for the cornea to become 
completely cloudy varies very much. It depends on the case. Sometimes the 
course is tempestuous, sometimes weeks and months elapse before the cornea has 
become quite opaque. 

As soon as, and very often before, the disease has reached this stage peculiar 
changes are noticeable. The limbus looks red and swollen and the process of 
deep vascularization of the cornea begins. Beneath the swollen limbus minute 
vessels grow forward into the middle and deeper layers of the cornea, run parallel 
with each other and present a penicillate, or tufted, branching. The most marked 
clinical feature of these vessels is that they disappear at the limbus, which is ex- 
plained by the fact that they come from loops of the perforating scleral branches 
of the anterior ciliary vessels beneath the marginal network. These peculiarities 
suffice to differentiate this vascularization from that met with in pannus. The 
vessels in parenchymatous keratitis can only be seen indistinctly and appear to be 
of a gray red color, because they are covered by a layer of cloudy cornea. Both 
the opacity and the vascularization vary extremely in intensity. There are cases 
in which vessels appear only in certain sectors and in which only a portion of the 
cornea is affected by the opacity. 

At the height of the disease the cornea may be so opaque that the iris can 
scarcely be seen through it, it may be of an almost brown red color in consequence 
of the great vascularization, and it may be absolutely without lustre. It is self 
evident that the vision is badly impaired in this stage. 

This disease is not an affection of the cornea alone. The name keratitis 
parenchymatosa has been given it because the principal symptoms are recogniza- 
ble in the cornea, but, as it involves more or less of the entire anterior segment 
of the eyeball, it may properly be named uveitis anterior. At the commencement 
of the disease, and as long as it can be seen well, the iris is it least very hyperaemic 
and the pupil inclines to contract. Frequently there is a true inflammation of 
the uveal tract ; synechise are formed, atropin must be used freely, and deposits 
often appear on the posterior surface of the cornea. The involvement of the 
uvea is shown above all in the fluctuations of the intraocular tension, which is 
lowered at times and at other times elevated. 

After an interstitial keratitis has run its course and the cornea has become 
transparent again, the involvement of the uvea can still be recognized very often 
with the ophthalmoscope. Characteristic changes may be seen in the anterior 
portion of the chorioid, especially when hereditary syphilis was the cause of the 
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disease. Little reddish yellow, brownish, or black spots may be seen, situated 
for the most part in front of the equator ; or there may be little white spots, 
joined together perhaps in clusters. These signs of hereditary syphilis are 
chiefly in the chorioid and probably depend on changes in the vessels. These 
symptoms are convincing that the cornea is not alone involved in an interstitial 
keratitis. 

In a typical case the course lasts for weeks before the inflammation reaches its 
height, and then begins to retrogress. The cornea gradually grows more transpar- 
ent between the deep vessels at the margin, while the vessels themselves become fewer 
in number. The centre remains opaque longer than the rest, but by degrees the 
clouds here are scattered also. One of the most important characteristics of this 
disease is that in the majority of cases the cornea is able to clear up to an extraor- 
dinary degree ; often it is difficult to find a trace of the opacity, but here and 
there a delicate, diffused cloudiness may be detected. A very important clinical 
fact is that ulceration of the cornea never occurs in this disease 

Yet, throughout life, if the pupil is dilated and light is thrown into the eye 
with the mirror of a loupe, an examiner, when the focus is right, can recognize 
many of the old vascular tracts left by the condition that formerly existed and so 
obtain positive proof that the eye has suffered from interstitial keratitis. Usually 
these traces of vessels can be seen with Zeiss'^ loupe. 

The prognosis of this disease is good in the majority of cases, in spite of its long 
duration, because of this wonderful clearing up of the cornea. Patients are apt to 
become discouraged by the slow course of the disease and sometimes wander from 
one physician to another. Their courage should be sustained by the prospect of 
eventual improvement. Dense, aponeurotic opacities persist, with applanatio 
comeae, or an ectasis of the softened cornea, only in very grave cases. 

Thus far the course of a t3rpical case has been portrayed. The difficulty in 
the recognition of the disease depends chiefly on the existence of a number of de- 
viations from what may be called the legitimate course. 

The interstitial inflammation occurs sometimes almost entirely without vascu- 
larization, although a careful examination with the corneal microscope nearly 
always will detect some vessels. In this form of the disease the opacity exhibits a 
predilection for the centre of the cornea and finally breaks up into little clouds 
after a prolonged duration. 

In other cases the trouble is confined to a single sector of the cornea, and in 
still other C€ises the interstitial keratitis starts with a diffuse, rapidly increasing 
opacity of the whole cornea. 

Separate, deep infiltrations may lie near each other for a long time without 
becoming confluent. This form, which is particularly obstinate, is called kera- 
titis interstitialis punctata. Similar clinical pictures in the cornea may be met 
with in the iridocyclitis associated with acquired syphilis. 

We also meet with cases of parenchymatous keratitis in which the entire 
opacity is confined to the lowermost part of the cornea, where it assumes a trian- 
gular form with the apex directed upward. This picture must not be mistaken 
for that form of corneal opacity which appears in the lower segment when an ex- 
udate in the angle of the anterior chamber has lai^ for a considerable time in 
contact with the cornea. ^n 

It also happens in the course of an otherwise typical parenchymatous keratitis 
that the infil^ates in the centre of the cornea unite in the form of a ring, leaving 
the centre transparent for some length of time, until finally this picture is blotted 
out and replaced by a central opacity. This form was named by Vossitts kera- 
titis annularis. 
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characteristic features. At its commencement the means already described must 
be employed to differentiate deep from superficial opacities. 

Second, it must be remembered that a parenchymatous keratitis is always the 
consequence of another general disease. The physician must not be content with 
the examination of the eyes, the ophthalmic must go hand in hand with the gen- 
eral examination, and, as hereditary syphilis is the most frequent cause of this form 
of keratitis, the symptoms of this disease must be sought for. The most impor- 
tant signs of hereditary syphilis are : 

A history given by the parents of miscarriages, or of great mortality among 
their children. This history, which excites suspicion, should be obtained very 



Fig. 29. —Hutchinson's Teeth. 

tactfully in order not to excite serious reproaches between the parents concerning 
the cause of the disease in their child. 

Objectively, the peculiar formation of the face and skull, the protrusion of the 
frontal prominences, the depression of the bridge of the nose and the flatness of 
the superior maxilla. About the mouth may be seen fine, whitish, cicatricial 
bands, in the mouth may be found a smooth atrophy of the base of the tongue 
and cicatrices in the hard and soft palate, all traces of former ulcerations. 

A change in the teeth that has long been looked upon as pathognomonic, if 
not absolutely demonstrative of hereditary syphilis is the deformation of the two 
middle, upper incisors, known as Hutchinson's teeth. They are imperfectly de- 
veloped, their lateral margins are not parallel, but convergent downward, and their 
free margins are indented in the form of a crescent which constantly becomes more 
excavated. The teeth are also widely separated. 

Another important symptom is deafness, which is often due to a disease of the 
labyrinth, or of the auditory centres, but may be caused by otitis media. The 
combination of this deafness with the peculiar deformity of the teeth and intersti- 
tial keratitis forms the so called Htilckinson's triad. 

Frequently we meet with an ozeena syphilitica, or a hard swelling of the cervi- 
cal glands. A swelling of both knee joints may precede, or occur simultaneously 
with the parenchymatous keratitis. Distentions of the periosteum of the long 
bones may be present. It must not be expected that all of these signs of heredi- 
tary syphilis invariably accompany this form of keratitis; on the contrary this 
disease sometimes is very difficult to recognize clinically and recourse must be 
hod to Waasemuinn's reaction in order to make the diagnosis. This is particu- 
larly necessary when the cause of the corneal inflammation is not evidently syphi- 
litic. Then the diagnostic tuberciUin test may be tried. In children this should 
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be done very carefully with small doses. A cutaneous inoculation, as recommended 
by V. Pirquet^ perhaps may be made first. 

39. The Clearing Up of Corneal Opacities 

In view of the fact that corneal opacities so very often impair the visual power 
of the eye, every effort should be made to clear them up as much as possible. 
Nature has shown the way to accomplish this within certain limits. The degree 
to which a corneal opacity is capable of clearing up spontaneously depends, aside 
from the individual circumstances which must not be overlooked, principally upon 
three factors. 

First, age. Experience teaches that opacities in the cornea do not clear up as 
quickly and satisfactorily in elderly, as in young people. 

Second, the thickness of the opaque tissue. The deeper a scar extends into 
a cornea the less it can clear lip. Perforating cicatrices always remain visible, 
while superficial opacities may become extremely transparent. 

Third, the nahire of the opacity and its vascularity. It is conceivable that 
opacities formed of cellular, or fibrinous exudates may be absorbed, as happens in 
interstitial keratitis. In such inflammatory opacities the only question is how 
much the corneal tissue itself has suffered, llie conditions are quite different 
when the opacity consists of a dense, tendinous cicatricial tissue. 

In all these metamorphoses of involution the vessels are preeminently the 
means by which inflammatory opacities are removed from the cornea. The first 
light places appear in their neighborhood in many cases, but that they are not 
alone in the possession of this teleological importance is self evident. In the study 
of corneal diseases we constantly meet with processes by means of which the organ- 
ism, or the tissue of the cornea, endeavors to clear up these opacities, and the 
problem for us to solve is how to aid them therapeutically. 

In order to obtain a survey of the whole subject we will consider first what can 
be done in the clinic, and then the part to be taken by the general practitioner. 

The idea naturally suggests itself to replace the opaque tissue by the trans- 
plantation of transpcu^nt cornea in suitable cases. An operation for this purpose 
is known as keratoplasty. My assistant Loehlein has obtained an excellent result 
through the following method. 

A fork shaped instrument having on each prong a very small, semicirculcu* 
knife provided with a guard, is drawn without pressure over the cornea from the 
upper to the lower limbus. The parallel incisions thus made do not perforate the 
cornea, but form the lateral boundaries of the flap to be removed. A short con- 
junctival flap is dissected up above and below and then the rectangular corneal 
flap, together with both conjunctival flaps, is removed by means of a rounded 
cataract knife, leaving the posterior layer of the cornea intact. The wound is 
then filled by a flap of cornea, taken in the same way from a human eye that 
has had to be enucleated, which is secured in place by sutures in the conjunctival 
flaps above and below. No stitches in the cornea are necessary. Nutritive con- 
ditions are favored by the fact that the flap lies upon a large wound surface and 
the conjunctival flaps, which quickly agglutinate, favor restoration of the circu- 
lation from the limbus. 

Keratoplasty has long been a subject of interest to ophthalmologists. Many 
extensive opacities resulting from bums or ulcers are met with in eyes which are 
otherwise in good condition, but have their function destroyed by this mechanical 
impediment to the entrance of light. Ever since the beginning of the last century 




JEQUIRITOL THERAPY 167 

various methods have been tried repeatedly to replace opaque portions of the cor- 
nea, but they have been abandoned generally as fruitless. The repeated attempts 
that were made to replace the centre of the opaque cornea by a very complicated 
insertion of a piece of glass seem strange to us. Such a foreign body must soon be 
either cast off, or covered by granulation tissue, so that the optic effect is illusory. 
An attempt to transplant transparent cornea from an animal, or better from man, 
is more promising. A distinction is to be made between total and partial kerato- 
plasty ; in the former a portion involving the entire thickness of the cornea is 
excised by means of a trephine, in the other the upper, opaque layers alone are 
removed, leaving Desceviet^s membrane intact. Total keratoplasty is objectionable 
because the iris comes into apposition with the margins of tiie wound, the lens is 
endangered during the operation and infections can readily find their way into 
the eye. It is very rare that the flaps of human or animal cornea employed to fill 
the aperture remain transparent. Zirm performed a successful operation in this 
manner in one case. Even v, Hippely who originally believed total keratoplasty 
to be the only operation from which anything could be hoped, recommended later 
that the operator confine himself to the removal of only the anterior layers, and 
replace them with clear corneal tissue taken either from man or an animal. 
Hitherto the results have not been satisfactory, although some cases have been re- 
ported in which the flaps adhered and were still transparent after the lapse of several 
months. As the possibility has been proven that a transplanted piece of cornea 
may remain transparent after a partial keratoplasty it seems to be probable that 
better results may be obtained from an improvement in the technique of the oper- 
ation. Experiments, recently instituted at my clinic by Luehlein, indicate that 
faultless fixation of the flap in the wound and favorable conditions for its nutri- 
tion are esspntiul for its success, and Loehlein^s nev» operation complies with both 
of these requirements. Unfortunately so successful a keratoplasty as this one can- 
not ordinarily be attained, because a clear human cornea from an eye that needs 
to be enucleated is rarely at our disposal. It has not yet been determined whether 
material suitable for transplantation can be obtained from the cornea of a monkey. 
A second procedure, which likewise can be carried out only in the clinic, may 
be illustrated by a number of trachoma patients. The infusion of the jequirity 
bean was introduced into ophthalmology by de Wecker for the treatment of vas- 
cular opacities of the cornea. The active agent in the infusion of jequirity is a 
toxic substance, abrin, which, when applied to the conjunctiva, produces a severe 
inflammation called jequirity ophthalmia. The result of this ophthalmia in many 
cases was a reduction of the superficial opacities in the cornea and a great improve- 
ment of the vision, but this form of treatment had to be abandoned because the 
degree of the inflammation produced could not be gauged when the infusion was 
used. The problem how to graduate this inflammation had to be solved in order 
to utilize the occasionally unmistakable advantages of jequirity. This I have 
done, using the first investigations of Ekrlich as a basis, by obtaining a constant 
solution of abrin, something which is noteasily accomplished with toxins. Then I 
prepared definite dilutions of the toxin and finally produced a specific antitoxin 
through experiments on animals. This remedy is known as jequiritol. Instilla- 
tion of some of the toxin into the conjunctival sac of either an animal, or of a 
man, is followed by a sharp inflammatory reaction of the conjunctiva and a serous 
infiltration of the cornea. I have been able to demonstrate that hand in hand 
with this inflammatory reaction the conjunctiva acquires a specific immunity which 
enables it to stand larger and larger doses of the toxin. At the same time the en- 
tire body gains an immunity to the poison in consequence of the development of 
specific antibodies, as has been shown by Ehrlich, Finally the strongest doses ex- 
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cite no reaction and then the remedy has lost its efficiency. On the basis of these 
facts it is easy now to induce a series of artificial inflammations of the eye by in* 
creasing doses of jequiritol until the stage desired for therapeutical purposes is 
attained. 

In this first patient the jequiritol ophthalmia is at its height. Both eyelids 
are swollen, oedematous, reddened and hot, while the preauricular gland is some- 
what swollen. A fluid, serous exudate wells out from the palpebral Assure. The 
conjunctiva bulbi is chemotic, the conjunctiva tarsi is covered with adherent, yel- 
lowish membranes. The picture resembles that of conjunctivitis crouposa. In 
the cornea the vessels of the pannus are distended with blood. 

In the next patient the ophthalmia has subsided ; the lids are no longer swollen, 
the membranes have been cast off, the conjunctival secretion has almost ceased, 
but the whole of the mucous membrane still is greatly relaxed and the conjunctiva 
bulbi remains much injected. The changes in the cornea are of greater interest. 
A comparison of the two eyes shows that the opacity is more dense in this one than 
in the eye that has not been treated and the patient states that his vision is worse 
than it was before. So it must be. We know that in a few days the cornea will 
begin to clear up. The vessels in the pannus are strongly injected and the move- 
ment of the blood through them can be seen with the aid of Zeiss'* loupe. The 
entire cornea is infiltrated with serum and a new formation of vessels can be 
perceived. Gradually light places appear about the vessels, the iris becomes more 
distinctly visible and Anally an involution of the vascularization takes place. 
The time required for this process varies a great deal ; it depends on the thickness 
of the pannus, on the severity of the jequiritol ophthalmia, and on individual cir- 
cumstances. 

In the next case a comparison of the two eyes, which formerly were equally 
opaque, shows the full result of this treatment. In the untreated eye the pannus 
is unchanged, in the other the cornea is remarkably transparent. Vessels can still 
be seen, for they never disappear entirely after so grave a pannus. The patient 
says he is fortunate in being able to see better once more. 

The use of this remedy is indicated in superficial, vascular pannus, especially 
when due to trachoma, after other methods of treatment have failed. The eye 
must be examined carefully before the instillations are made ; the function of the 
lacrymal passages must be normal and there must be no ulcer on the cornea. 
Some drops of toxin No. I are instilled and by the next day we know whether the 
mucous membrane is particularly sensitive. In the great majority of patients this 
is not the case, and then on the second or third day No. Ill, or more often No. 
IV, is administered. The use of the strongest solution is advantageous because 
only a drop or two needs to be used and less escapes from the conjunctival sac. 
After the instillation the patient compresses the lacrymal sac and keeps his head in- 
clined outward for some time in order to prevent as far as possible the passage of 
the poison into the nose. After an incubation period of a few hours the signs of 
ophthalmia commence. The conjunctiva and lids become swollen, secretion appears 
and membranes develop on the conjunctiva tarsi. The inflammation reaches its 
height in about twenty four hours and then slowly declines for a few days until it 
disappears. When jequiritol is used in this careful manner the antitoxin I pro- 
duced experimentally is not needed. The cornea may be cleared up remarkably 
in selected cases and not a few of my trachoma patients who were scarcely able to 
see to go about have been enabled to return to work. It must be remembered that 
this is a toxin which requires exact indications and careful use. The increasing 
employment of it, especially in trachomatous regions, and the results obtained prove 
that I have placed on a rational basis the jequirity therapy which was once dis- 
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carded on account of its danger, and have thus added a remedy useful in many 
cases to the therapeutic armamentarium of the ophthalmologist. 

We come now to the remedies for corneal opacities which may be used by the 
general practitioner. The process of involution is so slow that these patients must 
receive ambulant treatment for a long time after their discharge from the clinic. 

A remedy which is much used at present is dionin, introduced into ophthal- 
mology by Wolffberg. An instillation of dionin into the conjunctival sac induces 
a marked hyperaemia and cedema of the conjunctiva and lids, associated with a 
sharp feeling of burning and lacrymation. The vessel walls are rendered more 
pervious by this serous infiltration, or lymphatic inundation. The reaction is use- 
ful in the clearing up of corneal opacities. Dionin also acts as an analgesic, as 
was established by Dari^r, The eye becomes accustomed to this remedy with re- 
markable rapidity. We instill weak solutions at first and later employ 5 or 10% 
solutions. After the remedy has been used for four or five days in succession no 
reaction can any longer be obtained. It is well to instill a drop of cocain be- 
forehand in order to prevent the burning. 

Subconjunctival injections of salt solution may be used in many cases, as in 
the regressive stage of a parenchymatous keratitis. 

The principal remedy for the general practitioner to use in order to clear 
up the cornea is massage with yellow ointment. The eyes should be massaged for 
weeks and months in eczematous, or interstitial keratitis, while the strength of the 
ointment may be increased gradually from i% to 4%. The ointment is placed in 
the conjunctival sac by means of a glass rod, and a piece of cotton is placed over the 
closed eye which is then rubbed with the fingers. We know little about how these 
remedies produce their effects. They all cause a transient hyperaemia of the eye 
and therefore exert some influence over the circulatory conditions. We use irri- 
tants to clear up corneal opacities, but with our present knowledge we cannot pen- 
etrate the mystery that enshrouds their effects upon the tissues and conceals so 
many problems. , 

40. Keratitis Dendritica and Herpes Corneae 

This child, according to the statement of his physician, has been attacked by 
a peculiar disease of the cornea while he was convalescent from a severe febrile 
bronchitis. The cornea is surrounded by a marked ciliary injection and has in 
its centre an extremely graceful opacity. A narrow, gray cloud runs in zig- 
zagging lines which give off little branches with nodular swellings, infiltrates, at 
their extremities. The lesion is superficial and the epithelium appears to be 
abraded over the whole of this arborescent figure. When stained with fluorescin it 
becomes evident that these lines are superficial furrows in the cornea with gray, 
infiltrated margins. This disease is known as keratitis dendritica. It belongs to 
the group of herpetic affections of the cornea and is usually met with after influ- 
enza, or other severe catarrhal diseases. The symptoms of irritation, photophobia 
and blepharospasm, are very severe. The treatment of this disease consists of 
atropin, heat, bandaging and sublimate ointment locally, together with aspirin in- 
ternally. The disease is usually quite obstinate and is apt to leave behind it an 
opacity of characteristic shape. 

This herpes corneae febrilis frequently appears under other forms. Herpetic 
vesicles appear on the lips, nose, or ears after febrile diseases of the respiratory 
organs, disturbances of the digestive tract, or other infectious diseases, and, if the 
cornea is involved, a minute vesicle is formed, which is as clear as water and is a€- 
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companied by severe symptoms of irritation. This vesicle is a collection of clear 
fluid beneath the epithelium. When the eye is examined the vesicle has usually 
been ruptured and only its remains can be found in the form of little shreds of 
epithelium hanging from the cornea. Then the disease is known as filamentous 
keratitis. The clinical picture resembles that of a traumatic erosion, which was 
portrayed under injuries of the cornea. If an attempt is made to remove the dis- 
eased epithelium it will be found to be loosened over a greater area than would 
have been supposed a priori. Microscopical examination of such an epithelial fil- 
ament reveals a vesiculation and swelling of the cells, as well as an intracellular 
cedema. Whether the ease with which the epithelium can be detached is to be 
ascribed to an oedema of the parenchyma of the cornea, or to a primary disease of 
the epithelium is uncertain, normally the epithelium is very adherent. Severe 
coryzas may De followed by a so called keratitis superficialis, which greatly re- 
sembles herpes comeae. Numberless little spots appear over which the epithelium 
is clouded as if dusty, and may look as if inflated. The real cause of these forms 
of herpes is still unknown. The cornea is also involved in herpes zoster ophthal- 
micus. 

41. Changes in the Form and Size of the Cornea 

The changes of form most frequently met with in the cornea are keratoconus^ 
heratoghbus and staphyloma. 

Here is a patient in whom the change of form is the most prominent symptom. 
If we look at the profile of the eye, we can see that the cornea has the form of a 
truncated cone witii its apex at, or a little below the centre. This condition is 
known as keratoconus. 

If such an eye is examined with a keratoscope, the reflex image is seen to be 
greatly diminished in size at the apex of the cone and to be lengthened as soon as 
the eye moves, in consequence of the anomaly of curvature. If an examination is 
meule with the skiascope, the most varied conditions of refraction are found to exist 
close together ; in the centre is myopia, which quickly changes to hypermetropia. 

After the eye has been cocainized, if a probe is pressed carefully on the apex of 
the cone the tissue is found to yield readily to the pressure, which proves that the 
cornea is very thin at that place. Keratoconus may be congenital, and then other 
anomalies are often found in the eye, but usually it appears at the age of puberty 
without having been preceded by any inflammation. It may affect either one eye, 
or both, and is more frequently met with in women. After it has lasted a consid- 
erable time the apex of the cone is apt to become opaque in consequence of a rup- 
ture of DeacemeVa membrane. When the cornea is very thin it may have a rhyth- 
mic, pulsating movement. As a rule the anomaly of curvature finally remains 
stationary, but the danger of rupture is very great. The cause of this disease is 
unknown ; it has been ascribed to a slight power of resistance on the part of Des- 
cemet*s membrane. The patients come to lis because of their visual troubles and 
we have to try to fit them with suitable glasses. In some cases stenopaic slits are 
of advantage, in others cylindric, or hyperbolic glasses. As long as the centre of 
the cornea remains transparent we content ourselves with these means. In case of 
necessity we may cauterize carefully the apex of the cone, in order to flatten the 
curvature by cicatrization, and then perform an optic iridectomy. In other cases 
the hydrodiaphanoscope of Lohnstdn may be tried. This is a cup which, when 
filled with a proper salt solution, is applied close to the margin of the orbit; over 
this a correcting lens is added. 

Another change in the form of the cornea is keratoglobus. This is met with 
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congenitally in abnormal enlargements of the eye, such as hydrophthalmos. The 
changes in form met with most frequently in practice are the staphylomata, which 
have already been studied as sequelae of corneal ulcers. 

42. Keratitis Disciformis 

A few weeks ago, in all probability, this patient had a slight injury of his eye, 
after which a peculiar, gray, disc shaped opacity developed in his cornea with 
comparatively slight signs of irritation. 

It is difficult to determine whether this is a disease of the superficial, or of the 
deep layers of the cornea ; the infiltration certainly extends from the surface deeply 
into the tissues. In the centre of the disc is an intensely opaque place which evi- 
dently is the principal focus of the inflammation. From this place the cloudiness 
grows thinner toward the periphery, and at first the marginal part of the cornea 
remains clear. In a later stage both deep and superficial vessels may extend from 
the margin of the cornea into the area of the disc. If we examine the disc with 
the aid of Zdss* loupe radiating branches can be seen to extend in all directions 
from the dense central infiltrate, which in turn are covered by delicate clouds. 
The appearance is suggestive of a colony of some fungus lying in the parenchyma 
of the cornea and sending out ramifications. 

A third characteristic of the disease is that the epithelium is dotted over all the 
diseased portion of the cornea. In the centre of the disc, over the dense infiltrate, 
a slight defect in the epithelium is often to be found, but it almost never goes on 
to ulceration. In this respect the disease bears a certain resemblance to interstitial 
keratitis. 

A fourth typical feature is that the sensibility of the cornea is markedly re- 
duced over the diseased portion, while it remains normal elsewhere. 

A fifth point is the extremely slow course of the disease. Months frequently 
elapse before the opacity changes its character. Although such an opacity does 
clear up more or less, especially in the periphery where it is thin, quite dense 
opacities are left. From this fact the prognosis may be inferred. Relapses are 
not infrequent, sometimes after an interval of months, and the patient may return 
with even a hypopyon in the anterior chamber. The picture as a whole gives the 
impression that a focus of infection is situated in the cornea, which is not virulent; 
but against which the cornea is unable to defend itself. A similar clinical picture 
has repeatedly developed after a vaccine infection of the cornea. The cause of 
keratitis disciformis is still unknown. The treatment is purely symptomatic ; con- 
stant heat to the eye, bandage and atropin in the early stage. Subconjunctival 
injections of salt solution may also be used. In the later stages as great an invo- 
lution and clearing up of the opacity as possible is sought to be obtained by 
massage. Probably it is caused by an ectogenous infection in connection with the 
injury. 

43. Degenerative Conditions of the Cornea 

Although the clinical picture about to be briefly demonstrated is of no great 
practical importance it is one with which all should be acquainted, because it 
shows that grave degenerative processes may take place in the cornea. The pri- 
mary trouble in our patient is a phthisis bulbi, the result of an injury many years 
ago. A white, or partly brownish opacity extends from the outer to the inner 
margin horizontally over the middle of the cornea, which is rather small, in the 
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region of the palpebral fissure. This is the ribbon shaped, or zonular opacity of 
the cornea. It can be seen on close examination that the principal changes lie in 
the middle of the opacity where large and small white, or yellow spots lie separated 
by transparent spaces. 

Microscopically we find beneath the epithelium a vascular connective tissue 
which has partially broken up and destroyed Bowman's membrane. This connective 
tissue contains calciferous or homogeneous concreoients of various shapes and sizes. 



Fig. 30.— Ribbon Shaped Opacity of the Comea. 

The chalky concrements especially are intensively stained. Evidently the nutri- 
tion in such an eye is greatly impaired. The portion of the comea that lies in 
the palpebral fissure is the part most exposed to slight mechanical injuries, so it 
is in this region that the comea reacts first with the formation of a vascular con- 
nective tissue in which, according to Best, secondary degenerative processes take 
place and result in a coagulation necrosis and in the formation of calciferous and 
fayalin products. I agree with Vossius that the calcification cannot be considered 
primary, as many have believed it to be". We meet with this and analogous de- 
generative processes most frequently in the comeje of blind, atrophic eyes, some- 
times in eyes with absolute glaucoma. Frequently these atrophic eyes contain 
scales of bone and calcareous deposits. It is worthy of notice that a brown dis- 
coloration of the comea may be produced in the region of the palpebral fissure 
with aniline colors. A ribbon shaped opacity in the comea of a phthisical eye 
always indicates that the nutrition of the eye is seriously impaired. Attempb to 
scrape out such masses should be made only when particularly desired by the 
patient, enucleation should be recommended otherwise. Cases are met with in 
which similar changes have taken place in «n eye which still retains useful vision; 
in these the attempt to remove the masses should be made, because they are apt to 
excite severe irritation. 
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Diseases of the Iris 



44. Rheumatic Iritis and the Fundamental Principles of the 

Treatment of Iritis 

We have already studied the most essential symptoms met with in the co called 
primary iritis, ciliary injection, contraction of thp pupil, discoloration, indistinct- 
ness of details and formation of exudates, so the student recognizes the condition 
in this case and denominates it correctly a fibrinous iritis. 

I take this opportunity to reiterate the fact that in certain diseases of the eye 
the ophthalmologist should not devote his attention wholly to that organ. The 
appearance of an iritis is a monition to the general practitioner to turn his atten- 
tion to other parts of the body also, for the fundamental proposition is inculcated 
that every primary iritis is but the local expression of another, general dis- 
ease. In the examination of a case of iritis the question instinctively and im- 
mediately arises : How is it possible that an inflammation of the iris can develop, 
either suddenly or gradually, in a healthy eye.'* As soon as the diagnosis is made 
the etiology must be determined, for the treatment should be directed toward the 
cause. Almost every grave general disease may cause an iritis, but those which 
have chiefly to be considered are rheumatism, gonorrhoea, gout, diabetes, syphilis 
and tuberculosis. Therefore the general practitioner as soon as he sees an iritis 
will make a general examination and govern his treatment according to his find- 
ings. 

The special duty of the ophthalmologist is different ; he should try to ascertain 
the etiology of the iritis in an individual case from a careful study of the changes 
in the eye. This cannot always be done ; an examination of the whole body is 
necessary in most cases and such an examination is made in every case in our clinic. 
The result of the general examination of this patient indicates chronic articular 
rheumatism as the cause of his iritis. 

Still a careful analysis of the changes in the eye may facilitate the recognition 
of the etiology. 

All forms of iritis may be divided into two large groups : those in which the 
anterior surface of the iris is the part chiefly affected, and those in which the in- 
flammation involves principally the deeper layers. An iritis in which the anterior 
surface is the part of the iris chiefly affected is probably an iritis rheumatica, an 
iritis gonorrhoica, or an iritis urica. 

Although the cardinal symptoms of an iritis are always the same and the cases 
appear very similar, the limitation of the inflammation to the anterior surface of 
the iris may be detected by a careful examination with Zei^s* loupe. 

The eye has a very marked pericorneal injection. In the iris, the details of 
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which are rather indistinct, single hypersemic vessels can be seen to radiate from 
the periphery toward the pupil and to extend in part over the sphincter to its 
margin. Two other symptoms are quite marked, one on the anterior surface of 
the iris, the other on the edge of the pupil. 

Little deposits, from some of which fine threads extend, are scattered in various 
places over the anterior surface of the iris. They €ire of a delicate gray color, 
consist of exudates of fibrin and, together with the hypersemia, cause the indis- 
tinctness of the details. The iris itself seems to be only slightly swollen. 

I call particular attention to the linear, seamlike agglutination of the lower 
margin of the pupil to the anterior capsule of the lens. The brown edge of pig- 
ment alone is principally involved in this agglutination. The rest of the pupil is 
free and has been retracted uniformly by the atropin. Deposits may also be per- 
ceived on the posterior surface of the cornea. 

The course of a rheumatic iritis is often typical. At first the patients com- 
plain of lacrymation and photophobia and show no symptoms of iritis. There is 
rather a hypersemia of the conjunctiva, sometimes a distinct conjunctivitis with a 
small amount of secretion, so that the correct diagnosis is not made. After a few 
days the hypersemia of single superficial vessels in the iris can be recognized to- 
gether with a ciliary injection. At this time the pupil may exhibit its first ten- 
dency to contract, in other cases there may be a slight mydriasis. As the inflam- 
mation proceeds scattered deposits of fibrin appear on the anterior surface of the 
iris, which may not always be separate, but the entire iris and pupil may be cov- 
ered transiently by a layer of fibrin, which may be stripped off by dilatation of 
the pupil with atropin. 

In this stage occur the adhesions at the margin of the pupil which involve 
really the brown pigment edge. There is no swelling of the tissue in the pupillary 
portion of the iris and there are no circumscribed foci in the deeper layers at the 
margin of the pupil, which we will learn to recognize in other forms of iritis and 
are productive of broader synechias. 

These pigment layer synechise exhibit a striking predilection for the lower 
part of the pupillary margin in rheumatic iritis. According to Krueckmann the 
synechia does not need to be formed where the fibrin is excreted, but the fibrin 
may sink downward, in consequence of the upright position of the head, and ad- 
here to the lower margin of the pupil. When patients lie for a long time on one 
side the principal synechiae may form on either the temporal, or the nasal side of 
the pupil. 

That these posterior synechiae formed in a rheumatic iritis are in fact aggluti- 
nations of the pigment layer without involvement of the connective tissue of the 
iris is shown first by their linear and seamlike nature. This is brought out clearly 
by the effect of atropin. The synechiae may be ruptured and then it can be seen 
that only parts of the retinal pigment layer remain attached to the lens capsule. 
When the synechiae are not ruptured, and the iris is only retracted somewhat, the 
elongated digitations can be seen to consist almost entirely of pigment epithelium. 
The places where the pupil dilates, when such synechiae are present, have the shape 
of larger or smaller segments of circles, they are never pointed, or angular, as in 
other forms of iritis. 

When the patient has a blue, or a gray iris the deposits on the posterior sur- 
face of the cornea contain no pigment, at least until the inflammation has lasted 
a considerable length of time, but when the iris is brown they are pigmented. 
The deposits are usually small and confined to the lower part of the cornea, but 
the longer the inflammation lasts the worse they become and the more irregularly 
are they distributed. 
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Finally a peculiar symptom frequently met with in rheumatic iritis can be 
seen with the loupe. This is a peculiar lattice work on the posterior surface of 
the cornea, which is conceived to be a wrinkling, or reticulation of Desceniet's 
membrane. 

As the ciliary body is apt to become involved in iritis the sensitiveness of the 
eye to pressure should be tested. In most cases of acute rheumatic iritis the ciliary 
body is involved comparatively little. In grave cases and recurrences the appear- 
ance of opacities in the vitreous is an evidence that the inflammation has extended 
to the ciliary body. 

Reviewing our examination of this case we have found two distinctive features: 
the disseminated deposits of fibrin on the anterior surface of the iris, and the 
seamlike agglutination of the retinal pigment layer at the margin of the pupil. 
What deduction can be drawn from these concerning the etiology of the disease? 

The ophthalmologist can conclude that this is a superficial inflammation of the 
iris. Thus far our clinical diagnosis extends, but no farther. Even this diag- 
nosis could not be reached, if we were not able to study these minutiae of the 
changes in the iris by means of Zeiss* loupe. We have certainly learned something, 
for investigations have shown that the preeminent causes of superficial inflamma- 
tions of the iris are rheumatism, gonorrhoea and gout. Thus tiie careful analysis 
of the changes present has a certain importance in the differential diagnosis. We 
learn thus to distinguish superficial from deep inflammations, but in many cases 
the lines which separate them are blotted out. The etiology in the individual 
case cannot be determined from the superficial inflammation. This forms only an 
indication, the diagnosis must be made through a general examination. 

The question arises : How far can a practicing physician analyze such an iritis ? 
He can scarcely have at his disposal so costly an instrument as Zeiss'' loupe and 
the simpler binocular loupe is often insufficient. By means of a single magnify- 
ing lens in combination with focal illumination the posterior synechiae at least can 
be seen considerably enlarged and their nature determined. But the general 
diagnosis of iritis is sufficient; its etiology can be determined better from the 
general examination than from a detailed analysis of the local changes in the 

iris. 

The etiology of acute and chronic articular rheumatism stands in need of 
further investigation, but there is scarcely any doubt that in rheumatism iritis is 
produced by metastasis. It has been shown tiiat the anterior layer of the stroma 
of the iris, in which the inflammation takes place, forms a wall to a space that con- 
tains fluid in a manner analogous to the synovial cavities of the joints. 

It is quite probable that the agent of rheumatic iritis is not very pathogenic, 
because no pronounced injury of the tissue persists in the places where the excretion 
of fibrin takes place on the anterior surface of the iris, and particularly because 
the inflammation is not of a purulent character. 

Slight attacks of rheumatic iritis may pass away in a few days, but usually 
recovery requires a longer time, it may be several weeks. Relapses are very apt 
to occur with fresh colds. 

Treatment of rheumatic iritis. It is self evident that the treatment of every 
case of rheumatic iritis, or iridocyclitis, must be both general and local. In acute 
iritis the patients belong in bed. The diet should be regulated and adapted to 
the etiology of the disease. All excitants that tend to raise the blood pressure are 
done away with. The general treatment is that ordinarily employed in articular 
rheumatism. When the joint disease is fresh we prescribe internally preparations 
of salicylic acid, particularly aspirin and diplosal, and externally local embroca- 
tions with Burow^s solution, alcohol, or mesotan. In chronic rheumatism baths 
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are of the first importance. In the clinic and at home we use simple warm water 
baths of a temperature of 30° to 35® C. for 15 or SO minutes two or three times a 
week, keeping the patient in bed during the intervals if he has iritis. If the joints 
exhibit fresh exacerbations of rheumatism warm packing and embrocations are in- 
dicated. The internal treatment of chronic rheumatism includes the administra- 
tion of potassic iodide, wine of colchicum, arsenic, the preparations of lithia and 
the alkaline mineral waters. The patient must obtain sufficient rest at night and 
when necessary this must be secured by means of narcotics. The pains that ac- 
company iritis, arid radiate into the brow and temple in the region supplied by the 
first branch of the trigeminus, are sometimes agonizing. They are spoken of as 
ciliary neurosis. After the iritis has run its course the patient is transferred to 
his physician for further treatment of his rheumatism. Thus the general treat- 
ment varies according to the etiology of the iritis, the severity of the disease and 
the personality of the patient, but the local treatment of the eye is the same in all 
forms. I am convinced that an iritis can be treated best and most safely in a 
hospital, but this is not always feasible. 

The local treatment of every case of iritis begins with the regular instillation 
of a 1 or 2% solution of atropin. Instead of solutions we may use atropin oint- 
ment, which is very suitable and more constant in its effect, because it is not washed 
away so soon by the tears. The atropin is administered from two to four times 
a day according to the severity of the case. 

Atropin is not tolerated uniformly. In many persons it excites an irritation 
of the conjunctiva and even an oedema of the lids after it has been used a few 
times. In other persons a peculiar follicular inflammation of the conjunctiva, 
which presents a certain resemblance to trachoma granules, appears after the drug 
has been employed for some time. It should also be remembered that atropin 
may excite toxic symptoms. The first complaint of these patients is of dryness 
in the throat and difficulty in swallowing. In grave cases of poisoning the sali- 
vary and perspiratory secretions cease (paralyses of secretion). Ephemeral er}'- 
themata appear on the skin, the heart's action is disturbed and conditions of ner- 
vous excitement, even accompanied by hallucinations, aj)pear, especially in old 
people. A subcutaneous injection of morphin is indicated as an antidote. In 
all such cases scopolamin is employed as a substitute for atropin. A i% solution 
of scopolamin is less toxic than a i% solution of atropin. 

Atropin can increase the intraocular tension, so it is necessary to use a meiotic 
in many cases of cyclitis in which the tension is increased, but nevertheless atropin 
remains the principal remedy in iritis. 

Atropin is employed for two reasons : First, to keep the inflamed tissues as 
quiet as possible. Atropin paralyzes the sphincter, dilates the pupil and prevents 
its to and fro movement. The iris becomes narrower and less in volume because 
lymph is squeezed out of it and the influx of blood is lessened. In this way atro- 
pin acts directly upon the inflammation. 

It is used also to break up existing synechiae when possible and to prevent their 
formation with a contracted pupil. Even the formation of connective tissue syne- 
chiae may be restrained by the mydriasis in this way. The granulation tissue, 
which takes the place of the fibrinous agglutinations, comes chiefly from vessels 
which sprout out of the capillary area of the sphincter, but when the sphincteric 
portion of the iris is drawn toward the periphery the formation of these vascular 
sprouts, and therefore the development of connective tissue synechiae, is rendered 
difficult. Even when some do form while the pupil is dilated, they occupy but a 
. small part of the pupillary circle, while with a contracted pupil they may readily 
occupy the whole circumference. Thus atropin prevents seclusio pupillae. 
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Atropin likewise paralyzes the ciliary muscle and so keeps the very vascular 
near neighbor of the iris quiet. 

In very grave cases the effect of atropin may be enhanced by the addition of 
cocain, which stimulates the dilatator and so increases the mydriasis. 

After the atropin has been administered the eye is covered with a moist dressing 
and the application of heat to the eye is begun immediately. When once you have 
heard a patient with iritis exclaim how grateful the heat feels to the eye, you will 
never think again of trying to combat the inflammation with cold. Eyes with 
iritis have a great need of heat, which may be applied in many ways. Many old 
methods are not to be despised. Even in the poorest hovel the motiier can prepare 
hot poultices. Cherry stones and plum stones gathered, dried, sewed into little 
bags and heated in the oven may do good service when laid upon the eye. 

Here in the clinic we use in all such cases an electric thermophor with which 
we can gauge the degree of heat. Finally a word of advice. The reaction of the 
pupil to atropin gives the best indication regarding the course of the disease. If 
the pupil remains contracted the patient should be transferred to the clinic, because 
of the danger of secondary glaucoma. 



45. Iritis After Gonorrhoea and the Operative Treatment in 

Chronic Iritis 

The presence of the cardinal symptoms, ciliary injection, discoloration of the 
iris, indistinctness of its details, formation of exudates, indicate this to be a case 
of iritis. . As there are no signs of a discrete inflammation and as the synechiae 
are seamlike, it appears to be a superficial inflammation. Our inquiries concern- 
ing its etiology are facilitated by the admission of the patient that he has a 
gonorrhcea. 

Iritis occurs very rarely during the acute stage of a lu^thral gonorrhoea, but 
in the late stages of that disease it is very common, especially in association with 
gonorrhceal rheumatism. We have to consider gonorrhoeal iritis as a gonococcal 
metastasis. We know that gonococci usually are only local agents of inflamma- 
tion in certain mucous membranes, and it coincides with our knowledge of bacteri- 
ology that the infections produced by these agents, when they enter the circulation 
from these foci and are carried to the iris, are exceptionally virulent. The metas- 
tatic gonorrhoeal inflammations and suppurations of joints are very serious diseases. 
Of course the patients have a certain susceptibility, a reduced power of resistance 
to the occurrence of these metastases, but in order to understand the clinical pic- 
ture of gonorrhoeal iritis it must be known that even the most virulent gonococci 
cannot live long in the blood. 

Let us return to our patient. In the first place this is not a purulent iritis, 
fibrinous exudates only can be seen at the margin of the pupil. At the com- 
mencement of a gonorrhoeal iritis a little exudate, which resembles hypopyon, is 
found not infrequently at the bottom of the anterior chamber, but it consists prin- 
cipally of coagulated fibrin and soon disappears. Many ophthalmologists are of 
the opinion that this exudate at the onset of an acute, superficial iritis is diagnos- 
tic, but I cannot agree with them. The kind of exudate at the margin of the 
pupil is more characteristic. Usually quite seamlike, linear agglutinations of the 
margin of the pupil to the anterior surface of the lens are present. The brown 
agglutinations and the brown deposits have distinctly the form of concentric rings, 
especially after several recurrences, and the margin of the pupil is not notched as 
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in forms of iritis with more discrete inflammations. But these synechias are not 
so characteristic that a diagnosis of gonococcal iritis can be based upon them. 
Other distinctive features must be looked for. 

It has been pointed out that the onset of a gonorrhoea! iritis diifers from that 
of a rheumatic, in that as a rule it is acute and associated with contraction of the 
pupil, but this distinction is by no means reliable. We can only say that gonor- 
rhoeal iritis is a superficial, nonpurulent disease of the iris. No tissue necrosis 
occurs and only small deposits of fibrin in the iris can be detected with the loupe, 
but these symptoms are shared by the other superficial inflammations. 

As a rule gonorrhceal iritis occurs only when the joints have been attacked, 
and may appear suddenly after the urethral inflammation is well. In this form 
of iritis also the diagnosis often cannot be made until after the general exami- 
nation. 

It has already been mentioned that in these cases it is evident that virulent 
gonococci have entered the circulation. Gonorrhceal iritis is sufficiently grave, 
even if these agents do not cause sepsis, for clinical experience has demonstrated it 
to be one of the most protracted of the superficial inflammations of the iris. It is 
not known how quickly, or how slowly the gonococci die in these metastases in the 
iris, but it is plain that after their death endotoxic substances continue for a long 
time to excite inflammation. 

Relapses are very frequent, often one attack follows another. At first the iris 
alone is involved, but later the inflammation extends to the ciliary body ; then 
fine dustlike opacities appear in the vitreous and impair tne vision. Pain also is 
not lacking, as this patient can testify. The chorioid is remarkably exempt from 
these gonococcal metastases. A chorioretinitis in association with gonorrhoea has 
been described in only a few cases. The patients are almost always men, women 
are affected much more rarely. 

As a rule both eyes are affected, though it may be in turn and after an interval. 
I have an idea that the distribution of the vessels in the iris is not the sole deter- 
mining factor in the localization of the gonococci, but that specific affinities exist 
between them and the cells. 

The local treatment of the eye is just the same as in other forms of iritis, 
mydriatics and the application of heat. It need only be mentioned that the fun- 
damental disease, the urethral gonorrhoea, must be treated in a proper manner at 
the same time. 

I have another patient on whom I can demonstrate the operative treatment 
of iritis. The history is that the man has had a number of recurrent attacks 
of iritis, which was due in this cajse also to gonorrhoea. Operative intervention is 
frequently necessary in such an eye as this, whatever may have been the etiology 
of the iritis. 

I advise that hospital treatment be insisted on in any case of iritis in which 
the pupil reacts badly, or not at all to atropin, because in such a case seclusio 
pupillae is either present, or to be feared. Such a condition is present in this 
case. The eye is pale, the pupil is very small and irregular, while the whole of its 
margin is attached to the anterior capsule of the lens by brown and gray tissue. 
Atropin produces no effect upon it and the intraocular tension is decidedly in- 
creased. Although there is no recent inflammation the iris has lost its beautiful 
appearance. Some folds look like cords, as they are no longer enveloped as form- 
erly in loose tissue. This is the picture of a well marked atrophy of the iris. In 
such an atrophic condition the iris may become so thin that the black pigment 
epithelium may show through. 

Atrophy of the iris occurs in many conditions. In old age the iris may become 
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somewhat atrophic in consequence of arteriosclerosis, but the principal cause of 
atrophy is a stretching of the membrane. In this case the seclusion of the pupil 
has caused the membrane to become stretched. The same thing can be seen in a 
leucoma adhserens. Partial atrophies in the region of the sphincter are also met 
with in association with discrete synechise. 

The treatment for such a condition as this is iridectomy. The indications for 
this operation are self evident when symptoms of secondary glaucoma have ap- 
peared, but it is better not to await the appearance of such symptoms with their 
attendant dangers. I frequently perform iridectomy for iritis after one or more 
attacks of inflammation when recurrences are to be expected. According to the 
experience of both myself and others iridectomy in chronic iritis is an efficient 
means to prevent recurrences. At least we have then done all in our power to 
guard against a seclusio pupillae. 

The iridectomy is made upward. The eye should be free from recent inflam- 
mation at the time of the operation, because otherwise the coloboma readily may 
become closed again by a large exudation. The bleeding after an iridectomy in 
this condition is always greater than usual, because of the hyperaemic state of the 
tissues. Even when no fresh inflammation is perceptible clinically such tissues 
react readily with large hemorrhages. 

Sometimes, when the synechife are not too extensive and do not contain very 
much connective tissue, we may avail ourselves of this opportunity to divide them 
by means of a small spatula, but this manceuvre must be performed with extreme 
care because the capsule of the lens is easily torn. The after treatment of the 
operation is the same as usual, rest in bed and a bandage. As a rule the absorp- 
tion of the hyphaema takes a longer time than usual. 

46. Iritis in Gout, Diabetes and Other Diseases 

This is an elderly patient who had during the night a sudden attack of 
severe pain in the metatarsophalangeal joint of his great toe, followed by simi- 
lar attacks for several nights. He has had such attacks before and knows that he 
has gout. But, while on previous occasions the attacks passed away without caus- 
ing any other disturbance, this time he was suddenly seized with severe pain in 
both eyes in the middle of the night, simultaneously with the pain in the joint. 

In each eye the whole of the conjunctiva sclerse is so extremely injected that 
we are obliged to think involuntarily of a commencing conjunctivitis, but closer 
inspection reveals a ciliary injection, deposits on Descemet*8 membrane and a 
moderate degree of discoloration and obscuration of the iris, symptoms indicative 
of a serofibrinous iritis. The changes in the toe joint are those characteristic of 
an attack of gout. This is not the place to discuss the great subject of gout, but 
we will not err when we connect the iritis with this disease. In fact this kind of 
iritis has been known for a long time. 

This form of iritis also is superficial. Just as in the joint the surface, the 
cartilage, is first affected, so in the iris the richly cellular, but very anaemic anterior 
layer of the stroma is first attacked. The other layers of the iris and the ciliary 
body are involved only in very grave cases. 

The iritis of gout often attacks both eyes, is very prone to recur, and is one of 
the most protracted forms of this inflammation. A striking symptom is the very 
great injection of the conjunctiva scleras, in which an episcleral hyperaemia takes 
part, while the changes in the iris are comparatively slight. Gout is always to be 
thought of when the first attack of iritis occurs in a patient of advanced age. 
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The onset of the iritis is sudden, takes place at night and is accompanied by 
severe pain, exactly like that of the attack in the great toe. The parallelism is so 
characteristic that the paroxysms have been spoken of as intraocular attacks of 
gout. The iritis may also occur as a forerunner of an attack, as has been demon- 
strated by Krueckmann. The pain is more severe than in other forms of iritis, 
frequently it is extreme. Another feature of the clinical picture is that iritis 
urica occurs only with arthritic, not with primary renal gout. Finally it should 
be mentioned that its onset is not infrequently mistaken for an attack of glaucoma 
until the iritis becomes evident. The true nature of iritis urica is as unknown to 
us as the ultimate cause of the abnormality of metabolism called gout. We find 
no concrements, or deposits in the iris clinically. 

We prescribe in this fgrm of iritis the same therapy that is employed in the 
treatment of gout. When the joint is acutely inflamed it is wrapped up warmly, 
and sodium salicylate, aspirin, salipyrin, colchicum and potassic iodide are given 
internally. Simple milk diet and weak mineral waters complete the internal treat- 
ment. In the chronic uric acid diathesis the diet must be regulated carefully. 
But these are matters to be dealt with in the study of internal medicine. The 
local treatment of the iritis is the same as that of other forms, but as the pain is 
extreme narcotics are indispensable. 

Iritis is met with also in other diseases of metabolism. Here is an elderly 
patient with a primary, purulent iritis. It is distinctly a fibrinous inflammation 
with a little hypopyon at the bottom of the anterior chamber. The patient ex- 
hibits no symptoms of rheumatism, gonorrhoea, syphilis, or tuberculosis, but an 
examination of his urine reveals a considerable quantity of sugar. The urine of 
every patient with iritis should be examined for the sake of certainty. This man 
did not know that he was diabetic. 

The purulent nature shown by the hypopyon is frequently characteristic of the 
iritis of diabetes and sometimes tiie entire pupillary region is filled with a fibrinous 
membrane. Yet the course is usually very favorable, the exudates appear to be 
absorbed quickly. The occurrence of a primary iritis in diabetes is rare. Cases 
of iritis without hypopyon and with sjmechise have been met with associated 
with diabetes. Finally an iritis has occasionally been observed in memy infectious 
diseases, such as pneumonia, typhoid fever, angina, influenza, etc. 

47. Iritis Syphilitica Fibrinosa 

We begin today the study of syphilitic diseases of the iris. I have said re- 
peatedly that when an iritis is seen the etiological factors should be enumerated : 
rheumatism, gonorrhoea and gout on the one side, syphilis and tuberculosis on the 
other. The former represent the superficial diseases of the iris, the latter the dis- 
eases of its deeper layers. 

The study of the etiology of syphilis has been greatly promoted by the dis- 
covery of Schaudtnn^ one of Germany's ablest investigators, whom a tragic fate 
has snatched away too soon, that the spirochaeta pallida .is its agent. In a syphi- 
litic iris the spirochaetae must have entered by way of the circulation. As tiiese 
agents, at least in adults, inundate the blood when they have passed the lymphatic 
glands it is evident that the first period of the specific infection is past when the 
onset of a syphilitic iritis takes place. Iritis syphilitica does not belong to the 
primary stage of syphilis. 

The early exanthem of syphilis, the roseola si/philitica^ has been seen in the 
iris in the sixth week after the first sign of the primary lesion, under certain cir- 
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cumstances still earlier, befoi^ the first sign of the cutaneous eruption. Unfor- 
tunately I am unable to exhibit this to you, because such cases hardly come to the 
ophthalmologist, the early roseola in the iris causes no trouble. It retrogrades 
quickly without mercury and is considered to be due to capillary emboli of 
spirochsetee. 

Clinically, branching and radiating injections of vessels are seen on the sur- 
face, which differ in form and appearance from macula and roseola, but this differ- 
ence is due only to the peculiar kind of capillary development and formation in 
the iris. The central part of the iris is provided abundantly with minute vessels 
and it is here that roseola of the iris is chiefly to be met with. In such cases 
minute, bright red, striated, or stellate superficial hyperaemias are to be seen, which 
originate from a bloodvessel that follows a circular course. Such localized 
hyperemias are not to be found in the region of the sphincter, although here the 
capillary network is much more compact, as they are covered by the tissue. The 
early roseola of the iris is to be looked for clinically only in the anterior layer of 
the stroma, although this is the most anaemic portion of the iris. In the later 
stages of syphilis, transient roseola of the iris hardly occurs ; almost all roseolae 
that appear in the first and second year of the disease develop, without treatment, 
into papules. When this does not happen the roseola may properly be termed 
recurrent roseola. Both the physician and' the ophthalmologist meet much more 
frequently with the symptoms presented by our patient, to whom we will now turn. 

He complains of severe pains which radiate from the eye over one side of the 
head. The cardinal symptoms, ciliary injection, discoloration, blurred details 
and posterior synechiae, are the same as in tiie cases of iritis already demonstrated 
and the diagnosis^nriot^^ iritis is correct, but two additional symptoms are pre- 
sented ; the entire iris is swollen and cedematous, and the posterior synechiae have 
a peculiar indented form. Hemorrhages and gelatinous exudates into the anterior 
chamber are not uncommon, as well as deposits on DescemeVs membrane. 

We should never be contented with the examination of the iris alone in such 
a patient. The presence of deposits on Descemet^s membrane indicates that the 
ciliary body is involved, and that the iritis is really an iridocyclitis. If the eye is 
examined systematically dustlike opacities may be found in the vitreous which in- 
dicate an involvement of the chorioid. A hyperaemia of the papilla is frequently 
met with which may increase to a true neuritis, associated with impairment of the 
vision and scotomata. The retina may be primarily diseased, or it may become 
involved secondarily to the iritis. The presence of deep infiltrations and opacities 
in the periphery of the cornea sometimes are suggestive of parenchymatous kera- 
titis, but as a rule the differentiation can be made from the fact that in this disease 
the opacity occupies only a sector of the periphery. Our patient presents none of 
these symptoms, but I call attention to them to emphasize the point that the entire 
eye should be examined and watched in every case of syphilitic iritis. The clin- 
ical picture here is that of a grave, plastic iritis. 

It has been shown that it is rather difficult to determine the etiology with cer- 
tainty from the clinical appearance in the superficial disettses of the iris, iritis 
rheumatica, gonorrhoica and urica, and the same is true in iritis luetica fibrinosa. 
It will be admitted readily that this is not merely a superficial inflammation ; the 
entire iris appears swollen and cedematous. It also exhibits a discrete character 
in spite of its diffuse appearance. Atropin has been administered freely and dis- 
tinctly indented posterior s}aiechiae may be seen at the margin of the pupil. 

The connective tissue layers of the iris take part in the formation of these ag- 
glutinations with the lens capsule, in contrast with the superficial inflammations 
in which the adhesions are confined mainly to the posterior layer of epithelium. 



182 DIAGNOSIS OF FIBRINOUS SYPHILITIC IRITIS 

This observation proves that in spite of the diffuse appearance some little localized 
foci of infiltration must be present at the pupillary margin to give rise to these 
indentations. 

The involvement of the deep layers of the iris, especially the swelling of the 
tissue of the sphincter, which is absent in the rheumatic and gonorrhceal forms of 
iritis, completes the picture. Sometimes the distention produced by the oedema is 
unevenly distributed. If the iris is pigmented the small foci of pigment become 
quite prominent in the general swelling of the iris and must not be mistaken for 
nodules. 

A diagnostic characteristic sometimes met with is that deposits are to be seen 
in the quadrant of the cornea that corresponds with the most swollen portion of 
the iris, and that such deposits formed in a syphilitic iritis result in an infiltration 
of the adjoining posterior layers of the cornea, which remind the observer of an 
interstitial keratitis. KruecKmann has shown that these infiltrations leave marked 
cicatricial opacities in the cornea. Perhaps spirochsetse are carried by the deposits 
to these places where they enter the posterior lamellae of the cornea. 

All of these factors are absolutely insufficient to demonstrate the syphilitic 
etiology of a fibrinous iritis in very many cases. Every ophthalmologist must 
admit that frequently it is impossible to differentiate this from the gonorrhoea! 
and rheumatic forms of iritis, particularly when the eyes have undergone several 
attacks. It is also evident that a fibrinous iritis which appears many years after 
a s}^hilitic infection may have been caused by something else. 

Syphilis is assumed to be the cause when liie fibrinous iritis occurs in a certain 
period of the disease. It does not appear ordinarily before the third month after 
the initial lesion and often is accompanied by exanthemata on the skin and mucous 
membranes, the same as angina specifica. The oedema and fibrin in a syphilitic 
fibrinous iritis is the more abundant the ecu'lier the inflammation appears after the 
primary lesion. It forms the first symptom of secondary syphilis only in rare 
cases. In general it may be said that plastic iritis is accustomed to appear in the 
course of the first or second year after tiie infection, usually between the sixth and 
the twelfth months. 

It has been claimed repeatedly that injuries of the eye favor an outbreak of 
iritis. 

Statistics have shown that iritis occurs in at leeist 3 or 4% of S3rphilitics ; prob- 
ably the percentage is greater than this. Of the cases of iritis observed in eye 
clinics syphilis is the cause in about 25%. The disease is unilateral as a rule, but 
in about a fourth of the cases the second eye becomes diseased, usually after a 
longer or shorter interval. The affection is bilateral in only about 10% of the 
cases of iritis due to other causes. The therapy will be considered in connection 
with the other forms of syphilitic disease of the iris. 

48. The Papular Form of Syphilitic Iritis 

In the form of syphilitic iritis just studied the etiological diagnosis could be 
determined only from a general examination of the body, but this is not the case 
with the patient we are now about to examine. 

The eye presents a great conjunctival and ciliary injection, with a moderate 
discoloration and obscuration of the iris, but the symptom which immediately 
attracts attention is the presence at the margin of the pupil of two nodes about as 
large as the head of a pin, of a reddish yellow, or gray yellow color. The color 
varies in different cases from bright red, gray red and brown red to gray yellow 
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and yellow according to the proportionate relations between the blood and the 
cellular elements of the nodules. 

By focal illumination hyperaemic little vessels can be seen on the top of the 
nodule and in its immediate neighborhood, while the nodule itself projects in the 
form of a hemisphere into the area of the pupil and into the anterior chamber. 

These nodules at the margin of the pupil suggest S3rphilis at once to the physi- 
cian. Their preferred and principal seat in the iris is the vascular region of the 
sphincter and its immediate neighborhood. When the patient acknowledges that 
he has syphilis no doubt remains that the nodule is a syphilitic papule. Iritis 
papulosa, like the specific fibrinous iritis, is met with in the secondary stage of 
S3rphilis. 

These two forms of iritis belong together. Anatomical studies have shown 
that even in the fibrinous iritis little discrete infiltrations can be demonstrated with 
the microscope, which are not perceptible to the naked eye. In the second place 
posterior synechiae frequently are seen to develop at the margin of the pupil, from 
which can be drawn the positive conclusion, which has been confirmed by anatom- 
ical examination, that circumscribed minute papules must have been present. 
There is therefore no sharp line of demarcation between papular and fibrinous 
specific iritis. We speak of papular iritis only when the formation of nodules is 
a prominent feature of the clinical picture. 

Papular iritis is often called iritis gummosa. This is because papules of the 
iris originally were known anatomically as gummata. It is not always possible 
to determine, even with the microscope, whether the lesion present in the iris is a 
papule, or a gumma. In addition to this true gummata may appear in the iris 
during the secondary stage of malignant syphilis. Yet I believe, with many other 
ophthalmologists, that papular can be differentiated from the gummatous iritis 
more sharply than from the fibrinous. 

The overwhelming majority of the cases of iritis occur during the secondary 
stage of s)rphilis ; the gumma of the iris is therefore much more rare than the pap- 
ule. A gumma is usually a solitary tumor which attains a considerable size and 
appears almost without exception at the ciliary margin of the iris, or in the ciliary 
body. It maj undergo fatty or caseous degeneration. After recovery an exten- 
sive, white gray scar is left in the iris, which is adherent to the lens capsule. The 
gumma may also proliferate, fill the anterior chamber and even perforate the 
sclera. It is one of the symptoms of the tertiary stage of syphilis, is usually met 
with in only one eye and is found most frequently in the upper and outer part of 
the iris. When it is formed in the ciliary body it causes a blue black protrusion 
of the sclera, which may reach the size of a small cherry, attended by severe pain. 
Occasionally it may undergo involution, leaving a dark, pigmented spot in the 
sclera, or it may perforate this membrane. Sometimes such a perforation occurs 
in two places. 

When it develops in the iris, either with or without a preceding plastic iritis, 
it causes an opacity in the neighboring part of the cornea and the formation of 
many deposits on Descemet\s membrane. When the tumor breaks down a hypo- 
pyon appears in the anterior chamber. The lens may become cataractous and 
even partially absorbed as the result of the pressure, and secondary glaucoma may 
be produced, the same as with other tumors. 

The prognosis is unfavorable as a rule. Tolerable vision is preserved in at 
most 30% of the cases, but usually the eyeball atrophies and has to be enucleated. 
Our patient presents no such clinical picture, and even though it may be impossible 
in many cases to say whether a papule, or a gumma is present, it is better to make 
a clinical distinction between iritis gummosa and iritis papulosa. 
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Papules belong to the inflammations of the deep tissues of the iris. The only 
exception is the superficial early papulCy which has no practical importance because 
it is very small and very rare. In selected cases these minute sjrphilitic nodules 
may be seen to develop from the early roseola that has been described already. 
They usually lie isolated in the anterior layer of the stroma of the pupillary 
region, are bright red, like the roseola itself, and as a rule disappear quickly either 
with or without treatment. All other papules of the iris develop beneath the an> 
terior layer of stroma in the deep parts of the tissue. 

The papules at the margin of tiie pupil may be early or late. The early form 
is associated with far more oedema and inflammatory hyperaemia than the other, 
and is therefore redder in appearance. In the late form the clear cell infiltration 
is more prominent, and therefore the late papules give rather the impression of 
clear, smooth nodules. 

When we examine the anterior surface of the iris of our patient with Zeiss^ 
loupe it can be seen to be elevated over both nodules, almost as if it were a sort of 
vesicle. This appearance has been compared to the pemphigus vesicles found on 
the skin. In consequence of this elevation of the anterior layer of the iris the 
vessels that run over the nodes are arched. The thinning of the anterior layer of 
the iris, as well as the redness and extension of the vessels can be made out clearly. 
In the early form the oedema may spread and elevate larger vessels, so that the 
papule may appear larger than it really is. When the accumulation of fluid is 
sufficiently great it may rupture the anterior layer of stroma and then membranous, 
firmly adherent deposits of fibrin may for a time cover the real papule. Hemor- 
rhages may also occur in the course of an iritis when the anterior layer of the stroma 
is thus elevated by oedema. 

If the inflammatory oedema about the papule is absorbed either spontaneously, 
or as the result of therapeutic measures, or if the nodule becomes enlarged as the 
result of increase of its cell elements, the node presents a gray yellowish appearance ; 
much redness shows that we have to deal with an early papule. 

Early papules appear under various forms. In this patient there are two 
nodes at the margin of the pupil. The number varies, but seldom exceeds six. 
The reason why they usually appear in the region of the sphincter is that the ma- 
jority of the capillaries and vessels that are attacked in secondary syphilis lie 
between the muscle cells and in the pupillary portion of the iris. In some cases 
the entire pupillary margin is wall like, because the papules elevate it like a red 
ring. After recovery indentations may be seen between the posterior synechise 
that have been formed. A ledgelike thickening may also develop in the pupillary 
region, as was pointed out by v. Michel. 

The late papules likewise appear by preference in the region of the sphincter, 
but are met with more rarely. They may be single, but when multiple do not 
coalesce. They may be differentiated from the early papules by their firm consist- 
ence and perfectly smooth surfaces. The anterior surface of the iris is not detached 
over them, the surrounding hyperaemia is less, they are of a gray or yellow gray 
color, as a rule are larger than the early forms, may extend peripherally far from 
the sphincter and are not so easily absorbed. Their involution frequently begins 
with a central softening, which is to be recognized through a wavelike depression 
in the anterior surface of the iris. The contents may be evacuated into the anterior 
chamber and form a sort of hypopyon. 

Another variety is the cellular, rapidly growing papule described by Krueck- 
imann as hemorrhagic infarction. In syphilis of the eye the vessels are chiefly dis- 
eased, as can be demonstrated microscopically, hence it can be readily understood 
that hemorrhages may take place into the anterior chamber when such a papule 
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breaks down. A yellow and a red zone can be distinguished sometimes in such a 
hemorrhagic h3rpopyon. 

There is no sharp line of demarcation between the early and late papules, for 
they do not always develop in the same way, and their growth may be rapid or slow, 
but the attempt to differentiate them is of clinical interest, because generally the 
firm nodules may be considered indicative that the syphilitic infection is of long 
standing. 

We meet with still other forms of syphilis in the iris. One of the most im- 
portant is the occurrence of papules in groups. Hitherto the pupillary zone of the 
iris has been the place of predilection, but papules may develop in other parts, 
and then we can frequently trace all the stages of development of cedematous and 
firm nodules in juxtaposition. This group syphiltde is frequently confined to a 
single sector of the iris, but the Wger nodes come from the ciliary body, while the 
smaller ones are situated more toward the pupil. The suggestion comes involun- 
tarily that this is a sort of embolism of the agents which has taken place in a 
certain vessel involving its branch^. Such a group syphilide of the iris denotes 
a grave and neglected syphilitic disease. It is usually met with in elderly and 
feeble persons and the prognosis is correspondingly grave. Relapses are frequent 
and later complications on the part of the central nervous system are to be feared. 

After they have developed, the papules undergo absorption, especially under 
treatment. The yellower the color the more rapid is the absorption. A depres- 
sion is formed at the top of the papule, which gradually becomes flatter. It has 
been mentioned already that the papules may empty their contents into the an- 
terior chamber and that hemorrhages may occur. A wartlike excrescence of gran- 
ulation tissue may form in the place of the papule when hemorrhage and excretion 
of fibrin follow its evacuation ; then a red tubercle of granulation tissue prolif- 
erates for a time on the iris and absorbs the fibrin. 

The most remarkable symptoms in the absorption of the papule are the loss of 
pigment sustained by the anterior layer of the iris, and the peculiar nature of the 
posterior synechise left in the region of the sphincter. The place where a large 
papule has been situated in the iris can be recognized from the fact that in that 
place the anterior layer of the iris has no pigment, but presents a cutaneous ap- 
pearance through which show the black cells of the retinal pigment layer. This 
depigmentation is due to the facts that the anterior layer of stroma and the vessels 
were subjected to a considerable degree of stretching by the papule, and that the 
chromatophores themselves were injured. When we consider that in syphilis the 
vessels are seriously diseased and sometimes obliterated, the atrophy of thei^ 
chromatophore coats is readily understood. 

Such spots of discoloration may occur in the iris without a preceding iritis. 
Krueckmann called attention to this and likened the spots to leucoderma. In these 
cases whitish spots appear during the first weeks or months after the infection in 
the ciliary portion of the iris, especially in the region of the crypts, with the deep 
vessels appearing in them as white branches. Krueckmann foimd this symptom to 
be directly related to the secondary stage. 

The second important symptom in the retrogression of the papule of the iris 
is the atrophy of the muscle cells, which predominates over the depigmentation in > 
the region of the sphincter. At this place the syphilitic disease of the smaller 
vessels is most marked, and is productive of atrophy of the muscle fibres. We may 
say that a circle of atrophic places in the region of the sphincter strongly indicate 
a past syphilis of the iris. 

The posterior synechiae which follow the formation of papules at the pupillary 
margin have broad bases, are more or less circumscribed, and are composed not 
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only of the retinal pigment layer, but also of the deeper parts of the tissue of the 
iris. 

Statistics show that the papular form appears somewhat sooner after the infec- 
tion than the diffuse, fibrinous iritis, mainly before the sixth month. Almost 
three foiu^s of all the patients are between twenty and forty years of age and 
those with papular iritis are younger on the average than those with the plastic 
form. Males are affected more often than females. 

Under energetic treatment with inunctions the acute form of fibrinous syphi- 
litic iritis usually recovers in a few weeks. The prognosis for recovery is good 
on the whole, but with some limitations. Some posterior synechise at least very 
frequently remain. Even the best antisyphilitic treatment may not prevent the 
outbreak of an iritis. It may appear after discontinuance of the treahnent, when 
all other syphilitic affections of the skin and mucous membranes have disappeared. 

Relapses are frequent. According to some statistics they occur in 16% of the 
cases. Likewise in one half of all cases the vision is more or less impaired. 
Such relapses cause an increase of the posterior synechise and lead to seclusion and 
occlusion of the pupil with their well knowh sequelae ; atrophy of the iris, second- 
ary glaucoma, complicated cataract, opacities in the vitreous and phthisis bulbi. 
The malignancy of the infection and the reduced power of resistance of the organ- 
ism play their parts. Iritis is looked upon by many authors as a sign of grave 
syphilis. 

The prognosis is generally less favorable in the papular and gummatous forms 
than it is in fibrinous iritis. The formation of nodules is indicative of a more 
serious condition. They may heal and leave no trace, or at most discolored 
patches and posterior synechise, but statistics show that almost 50% of the eyes dis- 
eased in this manner become totally amaurotic. The chain of disease also is not 
usually concluded with that of the eye. Trousseau^ for example, found that of 
40 patients who had specific iritis 34 developed later such grave diseases as paral- 
ysis and tabes. 

Under the microscope syphilitic iritis presents the picture of ordinary chronic 
inflammation. In the fibrinous form the iris is thickened and infiltrated with 
round ceUs, which in great part accompany the vessels. Two symptoms are pre- 
eminently characteristic ; first the change in the small arterioles, the lumen of 
which is almost wholly occluded by the proliferation of the intima. Outside the 
adventitia is a great proliferation of epithelioid cells. Little round nodules, which 
cannot be perceived clinically, may be seen in the microscopic section of a clini- 
cally fibrinous iritis, which proves anatomically that syphilitic iritis is a discrete, 
deep inflammation of the iris. These circumscribed accumulations of cells are 
composed of lymphocytes and epithelioid cells, and may contain giant cells. They 
may be differentiated from tuberculous nodules by the fact that they are richly 
provided with capillaries and show no signs of disintegration. 



49. Wassermann's Syphilis Reaction and Its Importance In 

Ophthalmology 

In our clinical studies we are constantly impressed with the importance of 
syphilis in many diseases of the eye, and the case of grave plastic iritis that has 
just been studied shows how necessary it is to determine as quickly as possible 
whether syphilis is present or not. Then we lose no valuable time trying other 
remedies and can proceed with antisyphilitic treatment in quite a different manner 
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from that employed when we can calculate only on the possibility of the presence 
of this disease. The history and physical examination of this patient do not 
furnish conclusive evidence, but, thanks to the advance which has been meule in 
the study of immunity, we are now able to determine from the serum biologically 
with practical certainty whether or no he has a syphilitic infection. 

I consider it necessary that we should not only appreciate the great importance 
to ophthalmology of this serum diagnosis, the so called Wasaermann reaction, but 
should also be acquainted with the reaction itself. A modem eye clinic which is 
not equipped to provide this scientific test is not of high standing. It is more 
convenient, certainly, to send the blood to be examined to a laboratory where such 
work is done daily, but that does not excuse us from the duty of mastering the 
method and of being able to demonstrate it. In the short time at my disposal I 
cannot give a comprehensive review of the serum diagnosis of syphilis as it stands 
today, with all its mooted scientific questions. Its usefulness and certainty have 
long been decided, so I shall try simply to make intelligible the experiment by 
means of which the presence of syphilis is made manifest. 

L The Nature of the Complement Fixation Reaction in Syphilis 

When foreign blood corpuscles, like those of a sheep, are injected into a rab- 
bit certain antibodies appear in the blood serum of the latter through an immunity 
reaction of the body. These antibodies, the hemolytic amboceptors, withstand a 
heating to 56°, which renders the serum inactive. If blood corpuscles are intro- 
duced into such an inactive serum, which has been rendered specifically immime 
by blood corpuscles of the sheep, the amboceptors join with the red blood cells, 
although the latter remain morphologically intact, but as soon as some fresh, 
not heated, active guinea pig serum, which produces no effect by itself on the 
blood cells, is added to this mixture the blood corpuscles become dissolved ; this is 
hsemolysis. The bodies contained in the guinea pig serum, which have to be 
added to the specific amboceptors, are called complement Hemolysin is thus 
composed, according to Ehrlichy of amboceptors and complements. To investi- 
gate this complement Bordet and Gengou took an immune serum produced with 
cholera vibrios instead of blood cells, which contains amboceptors specific only to 
the cholera bacteria. When these bacteria were brought into contact with the 
cholera serum these amboceptors seized upon them, and when Bordet added our 
complement to such amboceptors laden with vibrios he found that he could euld 
blood cells and the hsemolytic amboceptors later without exciting h8emol}rtic 
action, because the bacteria laden with the, specific amboceptors had acquired the 
ability to appropriate from the hsemolysin (hemolytic amboceptor + complement) 
the complement of the guinea pig serum and by this means to frustrate the haemo- 
lysis. WassermanrCs syphilis reaction is based on this complement fixation. 
Gengou found in immunization that antibodies appear and can be recognized by 
such a complement fixation not only when bacteria are present, but also when the 
animals have been treated with dissolved albuminoid substances. In 1905 Max 
Neisser and Sachs demonstrated that the origin of albumin taken from any source 
could be determined accurately with the help of the complement fixation reaction. 
This may be proved by the following experiment : Take an inactive serum of a 
rabbit which had previously been treated with albumin obtained from an animal 
lens ; add to it only a treice of lens albumin and the antibodies of the immune 
serum combine with the lens albumin which caused their formation in the org:an- 
ism and is therefore called antigen. Add again our complement and some time 
later the sheep^s blood amboceptors and the sheep^s blood ; no dissolution takes 
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colloids and albuminoids which are closely related to globulins, which creates a 
greater zone of precipitation in the syphilitic serum in consequence of a diminished 
stability. Other investigators, like Wassermann and Bruck, still maintain that 
it is an immunity reaction. This theory is favored by the result of Brack's experi- 
ment in which he was able to obtain material in the serum of monkeys that had 
been previously treated with syphilitic extract, which gave complement fixation. 
Weil and Braun add that in syphilis a disintegration of tissue takes place in which 
autoantibodies are formed, while substances are set free by the disintegration, and 
that the material recognizable through this syphilis reaction portrays these prod- 
ucts of reaction in comparison with the proper cell constituents of the body. 
Weil and Braun also claim that the principal part is played by the albumin com- 
plex in this combination of albumin and lipoid instead of the antibodies. At 
any rate, under the influence of the agent of syphilis a material normally present 
in the body undergoes a marked increase, and the extracts from syphilitic organs 
are always more serviceable than those from normal organs. Hence there are those 
who believe that the syphilis reaction contains not only the nonspecific factor of 
the action of the autoantibodies upon albumin and lipoid, but also a specific factor, 
syphilitic amboceptor + syphilitic antigen. Preeminent among these is Wasser- 
mann himself. 

n. The Technique of Wassermaim's Reaction 

However these purely theoretical questions may be decided in the future the 
practical value of Wassemiann's reaction has been established by many thousands 
of tests. We need for its performance : 1. Serum from a patient in whom syphilis 
is suspected and serum from a healthy man. The serum is obtained best from the 
ulnar vein. A portion of both serums is inactivated by heating it to 55^. 2. 
An extract from the liver of a syphilitic foetus as antigen. One gram of this liver 
is cut into fine pieces, placed in 9 grams of absolute alcohol for twenty four hours, 
the solution being constantly shaken and afterward filtered. This extract may be 
kept for a long time, but its efficiency must be tested first with a number of serums. 
It may be considered useful when a comparatively small amount produces complete 
inhibition of haemolysis in an unquestionably syphilitic serum, while it does not 
affect the complete solution of the blood in a normal serum, when in a double dose 
alone it does not inhibit haemolysis, and when alone it does not produce haemoly- 
sis. The effective quantity of our extract, which fulfills these requirements, is 
0.2 ccm. In order to be independent of these difficulties in the preparation of the 
extract and to be able to secure equally good results, Sachs and Rondont have de- 
vised a very useful artificial mixture of sodium oleate, lecithin, oleic acid, water 
and alcohol. 3. A haemolytic amboceptor. This is obtained from the serum of 
rabbits into the veins of which sheep^s blood corpuscles have been injected. 
4. A 5% suspension of sheep^s blood corpuscles in an 85% salt solution. This 
blood must first be washed several times. 5. Serum obtained from the blood of 
a normal guinea pig. This guinea pig serum contains the complement upon the 
deviation by which of the haemolytic amboceptor the success of the experiment de- 
pends. At the beginning of the experiment 0.05 ccm of guinea pig serum 
(complement) is placed in a number of test tubes, to which is added in diminish- 
ing quantities rabbit immune serum (amboceptor) and then blood, in order to de- 
termine the exact quantity of amboceptor necessary for complete haemolysis. 
Three or four such amboceptor units are used in the principal experiment. In 
this principal experiment test tube No. 1 contains 0.2 of inactive serum of our 
patient + syphilitic extract + 0.05 of guinea pig serum ; this mixture is allowed 
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to stand in the incubator for an hour and then a fourfold quantity of amboceptor 
and blood is added. Haemolysis is completely inhibited. On the other hand, 
neither the normal serum with the syphilitic extract, nor the syphilitic serum 
alone have fixed the complement. FSx>m this result we may conclude that our 
patient ha« syphilis. Some other control experiments are neoessaxy. We must 
have at our disposal a positively syphilitic serum, and we must examine the serum 
of the patient both in an active and in an inactive condition. I present here a 
table delineating the principal experiment. 

The Wassermann Reaction 
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IIL The Importance of Wassermann's Reaction in Ophthalmology 

The question arises : Of what value is the reaction to us in ophthalmology ? 
This is not difficult to answer. We need only to institute the reaction in a great 
number of eye diseases and compare the clinical diagnosis with its outcome, as has 
been done by A. Leber, He found the reaction to be positive in a very high per- 
centage of the syphilitic diseases of the eye, even when years had elapsed since the 
infection. The reaction is the same whether the disease of the eye is due to heredi- 
tary, or to acquired syphilis. Our knowledge concerning the value of Wasser- 
viann's reaction is still incomplete, but, according to A. Leber, between 80 and 
90% of the patients with secondary or tertiary S3rphilis who have positively syphi- 
litic eye diseases, and 90% of those with diseases of the eye due to hereditary 
syphilis, react positively. We can conclude from a positive reaction that either a 
manifest, or a latent syphilis is present in the organism, and this is a very great 
diagnostic advance in ophthalmology. It is self evident thaba positive reaction 
does not always indicate with certainty that the disease in the eye is syphilitic, for 
a syphilitic may suffer from a tuberculous iritis or scleritis, for example, but such 
occurrences are not very frequent, although we are not yet accurately informed in 
regard to them. Sole dependence should not be placed on the outcome of the re- 
action, but each patient should be submitted to a thorough clinical examination. 
A negative reaction does not always prove the nonexistence of syphilis. As a 
rule a positive reaction can be obtained first in the sixth week after the infection, 
but this incubation period rarely needs to be considered in ophthalmology, because 
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most of the syphilitic diseases of the eye belong to the secondary stage. The posi- 
tive reaction must be looked upon as evidence of the generalizatior of the virus, 
but it has been shown repeatedly that it is less apt to be obtained in the latent 
than in the manifest stage, and is demonstrable on the average in 50 to 60% of 
the cases. Finally the result may be negative because the substances necessary 
for the reaction have disappeared from the blood under the influence of specific 
treatment. These remedies exert no influence on the substances themselves, their 
effect depends.much more probably on the enfeeblement or destruction of the virus, 
which allows a new production of these substances to take place throughout the 
body. Hence a disappearance of the reaction has been accepted as a therapeutic 
guide by Neisser^ Bruck and others. It is useless to estimate titrimetrically and 
record tiie degree of reaction, as has been done by A, Leher^ for, as he himself 
demonstrated, no conclusion can be drawn in regard to the severity of the disease 
from the degree of reaction. We must be content to note the positive or negative 
result, without consideration of the degree. Only the disappearance of the reaction 
in syphilitic diseases of the eye under the influence of treatment is of interest to us. 



50. Uveitis Tuberculosa and the Importance of the Tuberculin 
Reaction and of Tuberculin Therapy in Ophthalmology 

In clinical instruction we have holidays and work days ; sometimes we have to 
deal with the daily monotony, sometimes with cases that captivate us. The day 
may be said to belong to the former class on which we study the pernicious disease 
of the human race, tuberculosis, in the eye. 

L The Clinical Picture of Iritis Tuberculosa 

I do not present these three patients together without a reason. In the per- 
ipheral portion of the iris of one of them are scattered a number of gray yellow 
nodules, which vary in size from that of the point to that of the head of a pin, and 
evidently contains few, if any vessels. The details of the iris are obscured and 
some posterior synechia are met with. 

In order to understand this clinical picture of tuberculous iritis it mtist be re- 
membered that the tuberculous nodules develop principally in the walls of the 
arterioles, and that therefore the region of the sphincter, which is supplied with 
capillaries, often remains comparatively free from their presence, in contradistinc- 
tion from the syphilitic diseases, in which the region of the sphincter is the place 
of predilection for the formation of papules. In many cases the minute nodules 
occupy the pupillary region also, and the sight of these disseminated nodules is 
always suggestive of tuberculosis. 

Tubsrculosis of the iris may present other clinical pictures. In our second 
patient we find a slow, chronic iritis. No individual nodules can be seen, but the 
entire iris appears thickened, while its anterior surface seems swollen, elevated in 
some places, depressed in others. The pupil is secluded and the general appear- 
ance is almost like that of a pound cake. In such a case the entire iris seems to 
be changed into a sort of granulation tissue. 

Another form of tuberculosis of the iris is characterized by a solitary tubercle 
at the angle of the anterior chamber, which may grow until it has filled the 
chamber (see illustration), and may even perforate the eye. In such a case the 
sclera in the region of the ciliary body gradually becomes thin and more and more 
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ectatic, until a scleral or corneal staphyloma is formed; perforation finally takes 
place, followed by phthisis butbi. In all such cases the diagnosis of tuberculosis 
of tbe iris is the firat to be considered. To v. Michel is due the credit of having 
been the tint to appreciate the important part tuberculosis plays in diseases of tbe 



Fig. 31.— Iritis Tuberculosa. 



Fig. 32.— Tuberculosis of the Ciliary Body. 

eye, and of having called attt^iition urgently to the fact tliat it may be present in 
such diseases without producing a typical clinical picture. Such a condition is 
exemplified by our third patient, who has an obstinate scleritis associated with an 
iritis that runs a slow, lingering course. Stock has furnished excellent support to 
the theory promulgated by v. H'tppel. that tuberculosis is a common, atypical dis- 
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ease of the eye. By intravenous inoculations of tubercle bacilli in rabbits he pro- 
duced changes in the eye which were very similar to those of the chronic uveitis 
observed in man. A chronic iritis with nodules and a cyclitis may be produced 
by the same means, as well as a disseminated chorioiditis, whence it may be con- 
cluded that many cases of disseminated chorioiditis in man are of tuberculous 
origin. Stock also produced a scleritis^ a sclerotisAng keratitis. Utile nodules in 
the conjunctiva and a chalazion like tuberculosis of the tarsus. Finally he proved 
by the pathological examination of eyes which had been destroyed by chronic iri- 
docyclitis that tuberculosis is tlie cause in many of tliese cases. The part played 
by tuberculosis is much greater than is to be expected at first from the clinical 
picture. 

n. The Diagnostic Value of the Tuberculin Test 

Such cases and such experimental facts are convincing that tuberculosis must 
be thought of in connection with diseases of the eye which do not appear to be 
tuberculous at first glcmce, and the question is how to make a positive diagnosis 
in the absence of a good clinical picture. 

A tuberculous infection may be demonstrated anatomically by the character- 
istic structure of its tissue, or by incksulation of an animal with the tuberculous 
substance, or by staining the tubercle bacilli. This can be done occasionally in 
diseases of the eye, but only in a limited number of cases. A diseased lacrymal 
sac, a nodule from the conjunctiva, or a portion of the episclera may be investi- 
gated in these three ways, but diseases of the cornea, of the iris and especially of 
the fundus, cannot. It has also been proved repeatedly that the histological con- 
dition is not always typical, that often bacilli are hard to find, and that an inocula- 
tion may prove negative when the diseased substance is only slightly virulent. 
These defects enhance the importance of the tuberculin reaction in ophthal- 
mology. The great achievement of Robert Koch has supplied us with a means by 
which we can learn through a specific reaction if active or latent tuberculosis is 
present in the eye. This means is old tuberculin. The directions given by Koch 
himself in regard to the diagnostic use of old tuberculin are as follows : 

*' First the temperatiu^ of the patient is taken for one, or better two days, in 
order to determine that 4t does not rise above 37°. Patients with temperatures of 
over 37^ are unfit for the diagnostic use of tuberculin and the test should under no 
circumstances be made upon them. When the patient has been found to be a fit 
subject an injection of from 0.1 to 1.0 mg of tuberculin is made subcutaneously 
during the forenoon ; in feeble persons we begin with 0. 1 mg, but in robust in- 
dividuals with presumably slight tuberculous changes, the initial dose may be 1.0 
mg. If no rise of temperature follows the first injection, a double dose should be 
given not on the next, but on the third day. If there is a rise of temperature, 
even though it be so slight as i of a degree, the dose is not increased, but the same 
quantity is injected again, after the temperature has returned completely to nor- 
mal. It happens very often that the reaction which follows the second injection 
is much more marked than that after the first, although the dose is the same. 
This is a particularly characteristic symptom of the action of tuberculin and may 
be said to be an infallible sign of the presence of tuberculosis. When no reaction 
follows the first small doses the quantity may be increased to 6 mg, and finally 
to 10 mg. For the sake of certainty I am accustomed to give the latter dose 
twice and then, when no reaction follows, I consider myself justified in the as- 
sumption that no fresh, or advancing tuberculosis is present which needs a specific 
treatment." 
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More recently two new methods have been added, the cutaneous inoculation 
of V. PirqtLet^ and the conjunctival instillation of Wolff-Eisner and Cahnette. 

In r. PirqueVs cutaneous reaction the skin of the forearm is scarified, as in 
vaccination, in three places near each other. Two of these scarifications are left 
as controls, while a drop of a 25% solution of tuberculin is placed upon the third. 
If an infection of tuberculosis is present in the organism, a characteristic wheal 
develops at the place of inoculation. This reaction is so sensitive that it is posi- 
tive not only when active tuberculous foci are present, but also when the lesions 
are old and extinct. As such extinct tuberculous lesions are exceedingly common 
in adults, the cutaneous inoculation of v. Pirquet is useful chiefly in childhood. 
When the test is negative in an adult, it is fairly certain that that person is free 
from tuberculosis. As the test is easily performed and is devoid of danger, it 
is used a great deal to determine quickly whether tuberculosis is present in the 
organism. 

In the conjunctival reaction a drop of a 1% solution of old tuberculin is in- 
stilled into the conjunctival sac, where it excites a local reaction, if active tubercu- 
losis is present in the organism. An extremely interesting phenomenon is associ- 
ated with this test. According to Wolff-Eisner a positive conjunctival reaction 
indicates active tuberculosis and its occurrence arouses suspicion of the disease in 
a clinically healthy person. If the test proves negative in the presence of mani- 
fest tuberculosis, the negative result indicates a bad prognosis. Unfortunately the 
usefulness of this tuberculin test in ophthalmology has proved very limited, for, 
even when it is employed carefully and properly, it may excite severe reactions in 
healthy eyes, and cause grave injury. Above all too great a reaction is to be 
feared in an eye in which the presence of tuberculosis is suspected from the exist- 
ence of a keratitis interstitialis, chorioiditis disseminata, iritis chronica, or a 
grave form of keratoconjunctivitis eczematosa. Wolff-Eisner himself excludes as 
unfit for this test all eyes which are known, or suspected of being tuberculous. 
Therefore it is not permissible that this test should be used for the diagnosis of 
ocular tuberculosis. I cannot advise the use of the conjunctival reaction at all, 
because frequently it is not easy for the practicing physician to determine whether 
a contraindication on the part of the eye is present or not Ophthalmologists 
themselves are still in doubt clinically concerning the tuberculous etiology of many 
ocular diseases and have to base their diagnoses on the results of the tuberculin 
tests, and naturally we choose the tests from which no injury to the eye itself is to 
be expected. Finally an antituberculin can be demonstrated in tiie serum of 
persons with tuberculosis after the manner of Wassermann^s reaction. But in 
contrast with the great importance of the syphilis reaction this complement fixa- 
tion method is of no use in ophthalmology. Aside from the complicated technique 
the results are inaccurate and scarcely comparable. Besides, the presence of anti- 
tuberculin in the serum tells nothing concerning the cure of the disease, for 
tuberculin immunity is not the same as the immunity of tuberculosis. For diag- 
nostic purposes v. Pirquet* s and Koch's reactions alone are to be considered in 
ophthalmology. First we try v. Pirquet* s cutaneous inoculation. As this is a 
very sensitive test and gives a positive result in most adults, a negative result en- 
ables us to exclude tuberculosis with a fair degree of certainty, but, for the sake of 
safety, we frequently employ A^ocA*^ injection of old tuberculin, which still remains 
the chief diagnostic method. Only we must understand clearly what diagnostic 
conclusions can be drawn from it. If the subcutaneous reaction is negative, the 
indication is that the ocular disease is not tuberculous. If a local reaction takes 
place in the eye, either alone, or in connection with a general reaction, the ocular 
disease may be considered tuberculous, even when not suggested clinically. But 
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if the test is followed by a general reaction alone we cannot ascribe a tuberculous 
natiu^e to the disease in the eye without further evidence. It is quite possible for 
a patient who has a tuberculous lesion somewhere in the body to have an iritis due 
to some other cause. When the general reaction is positive, and there is no local 
reaction, it may be assumed that the ocular disease is probably tuberculous only 
when positive signs of other disease are not demonstrable, and when a careful 
physical examination has left no ground for the supposition that the reaction is to 
be referred to another tuberculous lesion in the body. 

• 

IIL The Therapeutic Value of Tuberculin Treatment in Ocular 

Tuberctilosis 

Ophthalmology has had to share the bitter disillusion that followed the mis- 
haps of the tuberculin therapy of pulmonary tuberculosis. If there is a disease 
for which a specific therapy is in constant demand, it is tuberculosis. This is true 
also of tuberculous diseases of the eye, and it is to the credit of v. Hippel that he 
has proved his faith in the possibility of utilizing the specific remedy in this organ. 
After years of observation he concluded that tuberculin was a remedy for ocular 
tuberculosis, and his statements have been confirmed repeatedly. Yet the compli- 
cated conditions incident upon recovery from tuberculosis demand more attention, 
and too much must not be expected from the tuberculin treatment. My own 
judgment, concerning the therapeutic value of tuberculin in the treatment of ocular 
tuberculosis, is that the employment of a specific remedy in these tuberculous dis- 
eases is a logical consequence of the study of immunity, and that the use of tuber- 
culin in those diseases of the eye which we have hitherto been obliged to leave to 
the doubtful efficiency of other remedies, or more correctly .to spontaneous recov- 
ery, is beyond doubt an advance. I am convinced that this sort of active immuni- 
zation promotes recovery from ocular tuberculosis in many cases. But I am also 
convinced that the therapeutic capacity of tuberculin in the treatment of ocular 
tuberculosis has been, and still is much overestimated. Such uncertainty in the es- 
timation of the value of this remedy may be accounted for in several ways. 

In the first place opinions are still divided in regard to the way of using it and 
as to the dosage. . While some ophthalmologists use only minute doses in order to 
avoid fever and focal reactions, A. Leber declares that focal reactions are un- 
avoidable as expressions of its specific influence, and are therefore indispensable for 
its therapeutic effect. 

In the second place it has not yet been ascertained which tuberculin is best 
suited for the purpose, v, Hippel explicitly claims that permanent recovery in 
many of his cases, which had relapsed, could be attained only through the new 
tuberculin, T. R. , but these cases had in fact been inoculated with old tuberculin. 
While many have faith in T. R., the sentiment is growing that we should return 
to old tuberculin, a preparation which is a priori far less objectionable. A. Leber 
says truly that, in view of the conditions favorable to involution in ocular tubercu- 
losis, the use of old tuberculin is well founded, as it may prevent toxic injuries to 
the eye by the formation of an immunity to the poison. 

In the third place the factor of spontaneous recovery is one which it is ex- 
tremely difficult to estimate, when dealing with ocular tuberculosis. The experi- 
ments of Stock have proved incontestably that, in comparison with other manifes- 
tations of tuberculosis, the lesions in the eye are comparatively benign, a fact which 
is constantly brought to the attention of everyone who studies these diseases criti- 
cally. This comparative benignity is so evident that many ophthalmologists, 
like Leber and Wagenvianny speak properly of a weakened tuberculosis. If 
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tuberculosis in the eye is so benign in many cases that elaborate biological re- 
actions are necessary to establish it as only ilie probable cause of the lesions, it is 
3elf evident that it must be extremely difficult to determine how far recovery can 
be ascribed to the treatment with tuberculin. Improvement can be attributed to 
it with some degree of probability only in cases in which other therapeutic measures 
have failed. Such cases have convinced me that an advance, though only a slight 
one, has been made in the treatment of ocular tuberculosis by its introduction. 
Still another point has to be taken into account in passing judgment on this form 
of treatment. When a patient with a benign form of ocular tuberculosis enters 
the clinic, and remains for months under entirely different conditions as regards 
bodily rest, care and food, in addition to the treatment with tuberculin, we can 
hardly credit the therapeut'*; result wholly to the tuberculin. 

I am one of those who believe in the study of immunity, and I have always 
taken the stand that advance in therapeutics must be made along the lines of sj^ie- 
cific, etiologic therapy. Tuberculin treatment of ocular tuberculosis is such a 
specific therapy, but we must not close our eyes to the fact that mishaps do not 
cease to occur under this form of treatment. During the past year I have had to 
enucleate five eyes on account of ocular tuberculosis. Among them were three 
which had previously undergone thorough tuberculin treatment and had been con- 
sidered brilliant results confirmatory of v, HippeVs statements. A. v, Hippel him- 
self has had cases in which this therapy failed. This treatment has its limitations, 
and the investigators of tuberculosis are continually seeking for new, efficient reme- 
dies. Tuberculin treatment may fail not only in grave cases, but even in those of 
moderate severity ; it is unable to prevent the onset of tuberculous disease in the 
other eye after the lapse of weeks. Its prophylactic, immimizing effect is slight 
as regards diseases of , the eye. It is also unable to prevent relapse in the eye first 
diseased. The much lauded curative effect of this form of treatment is very limited. 
A, Leber says: **With the difficulty of determining in certain cases whether a re- 
covery is spontaneous, or due to tuberculin, it must be said that the results from 
the use of old and new tuberculin do not appear to be as good as those obtained 
by V. HippeL ' ' Still we must be thankful for even the slight advance gained in 
the treatment of ocular tuberculosis by the remedy presented to science by Robert 
Koch. 



IV 

Diseases of the Lens 



51. The Nutrition of the Lens 

We have already learned to recognize a number of clinically perceptible physi- 
ological changes which take place in our lenses during life by the comparison of 
lenses taken from young and elderly persons. When we come to study the pathol- 
ogy of the lens we need information concerning its nutrition, for most of its dis- 
eases depend on nutritive disturbances of its cell elements. Our knowledge in 
regard to this subject is still very meagre, and great difficulties lie in the way of 
its investigation. Science has not yet solved the problem of the nutrition and 
metabolism of the individual cell. The lens lies in the eye, a masterpiece of liv- 
ing, transparent protoplasm, composed of skillfully united epithelial cells and 
fibres, enveloped in a delicate capsule, destitute of bloodvessels, and laved only 
by the intraocuW fluids. It is evident that the lens receives nourishment and 
has metabolism, for it has two obvious functions to fulfill. 

It has to remain clear and transparent in order to direct the course of the rays 
of light correctly and uninjured to the retina. It also continues to grow until 
very old age. Throughout life new fibres and substances are continually formed 
from the epithelium of the capsule. The preservation of its normal condition in 
youth would not suffice for this, a productive nutrition is necessary. 

Two procedures are at our disposal for the study of the nutritive conditions of 
the lens. We may either place the lens in a test tube along with the substances to 
be investigated, or we may observe its behavior in situ and in vivo. Many unjus- 
tifiable conclusions concerning the nutrition and metabolism of the lens have been 
deduced from experiments in the test tube, so its attitude toward foreign substances 
is to be preferred ; but it must be understood that we can learn very little about 
the nutrition of the organ from such experiments, because the leiis does not live on 
coloring matters. If the substances used are indifferent to the lens they are either 
not taken up by it, or are extruded again without having been assimilated, pro- 
vided the conditions necessary for diffusion are present. Substances which are 
not indifferent are apt to act as poisons to the lens, and nothing can be learned 
through them concerning its normal nutrition. 

The essential disturbance of the natural conditions of the organ, and the fact 
that the lens soon dies when outside of the living eye, limit the value of all experi- 
ments on the lens in the test tube. In this respect the lens is extremely sensitive 
to the way in which it is prepared, the temperature and the composition of the 
surrounding fluid. The commencement of the death of the cell elements of the 
lens in the test tube is indicated 1, by the dissolution of the connection between the 
epithelium and the capsule ; % by the inability of the lens to resist the entrance of 
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water, which increaBes its weight and volume ; 8, by the constant passage outward 
of albumin through the capsule. The death of the lens begins in different tem- 
peratures at different times, according to my observations. On the average it may 
be said that death of the outer cortical layers is perceptible in from seven to tea 
hours when placed in a suitable salt solution at the temperature of the incubator. 
In the ordinary temperature of a room a lens will live somewhat longer, but even in 
the temperature of a refrigerator it will hardly live longer than twenty four hours. 
All observations agree that the metabolism of the lens is extremely slow and it is 
evident that little can be learned concerning the nutrition of the lens from ex- 
periments in test tubes, since it dies so quickly under such conditions. 

Unfortunately the limitations of the experiments in vivo are also unpleasantly 
narrow. The same objections apply to experiments with foreign substances as to 
those in the test tube. In addition to this, the organism tries so promptly (o rid 
itself of all foreign substances that nothing can be seen of their effect upon the 
lens, and their conduct within the lens is wholly unknown. Yet the nutrition of 
the lens depends upon its relations to the substances contained in the normal blood 
and the normal fluid in the eye. These relations must be understood better before 
the nutrition of the lens can be investigated. 

Four things must be known before this mystery can be penetrated. We must 
know the exact composition of the intraocular fluid upon which the lens has to live, 
we must know the power by which the lens appropriates its nutrient substances, 
we must know what substances it takes from ihe intraocular fluid, in what pro- 
portionate quantities and in what time it appropriates them, and finally we must 
know accurately the constructive and destructive activity of the living protoplasm 
of the cells of the lens. None of these problems have been solved satisfactorily as 
yet, our knowledge in regard to them is simply a patchwork, but I will try to 
demonstrate the little we know concerning the nutrition of the lens. 

L Composition of the Intraocular Fluid 

A. Inorganic Substances 

The human eye contains between 0.2 and O.S ccm of aqueous. This is a 
clear, watery fluid which has a specific gravity of from 1.006 to 1.009, has a dis- 
tinctly alkaline reaction, and contains about 1% of such inorganic substances as 
sodium chloride, sodium carbonate, potassium chloride and alkaline sulphates, 
phosphates and earths. The organic substances thus far found in it are, in addition 
to albumin, which will be spoken of later, small quantities of glucose, urea, para- 
lactic acid and a saccharin producing enzyme. The macroscopic appearance of the 
aqueous is quite analogous to that'of the fluid of the vitreous. 

The latter is a perfectly clear fluid which has a distinctly alkaline reaction. 
Its chemical composition is nearly the same as that of the aqueous. It contains 
about 1% of inorganic substances together with small quantities of organic sub- 
stances in the form of sugar, urea and paralactic acid, as well as a substance which 
resembles mucin and is known as hyalomucoid. Its index of refraction is the same 
as that of the aqueous, about 1.387. Thus the aqueous and the fluid of the 
vitreous have a very similar composition, and both contain some oxygen and car- 
bonic acid. 

When we compare the composition of the intraocular fluid with that of the 
blood serum we find that, while the statements concerning the amount of salts con- 
tained in the blood vary in the different textbooks on physiology, the amount is 
approximately the same as in the aqueous. 
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B. The Albumin Contained in the Intraocular Fluid 

Although there is no great diflPerence between the amounts of salts contained 
in the serum and in the intraocular fluid, there is a striking difference in the 
amount of albumin each contains. Serum contains about 8% of albumin, the 
normal aqueous only about 2%. The difference exhibited between two rows of 
test tubes in which dilutions of serum and of aqueous are treated with picric acid 
is perceptible at once. 

If we assume that serum contains 8%, and aqueous 2% of albumin, then O.S 
ccm of blood serum contains 0.016 gram of albiunin, and 0.2 ccm of aqueous 
0.00004 gram, i.e., the aqueous contains 400 times less albumin than the same 
quantity of blood serum. Even though the proportion varies somewhat in indi- 
vidual animals and persons the difference remains very great. 

The normal aqueous does not coagulate. It contains no fibrinogenous sub- 
stances, and probably the other generators of fibrin are either absent, or to be 
found in only inefficient traces. Serum globulin and serum albumin seem to be 
of about equal amount in the small quantity of albumin mixture met with in the 
aqueous. The fluid of the vitreous likewise contains only the same small quantity. 
It may be demonstrated that there are antibodies connected somehow with the serum 
albumin, derived albumins equipped with strong chemical affinities, which are re- 
tained in the blood by the secretory organ of the eye and are not admitted into 
the intraocular fluid. 

Normal ox serum, even in small quantities, dissolves the red blood corpuscles 
of the guinea pig by the aid of a specific cytotoxin, the hsemolysin, but in the 
aqueous and the fluid of the vitreous the blood cells remain perfectly intact. 
Even when greatly diluted the serum agglutinates blood cells and bacteria. 
Nothing of this normal agglutination is found in the intraocular fluids. The 
serum also contains an antitoxin to a toxin, tetanolysin, which protects the 
blood cells from the poison. This antitoxin is not present in the aqueous and the 
fluid of the vitreous. 

Although in immunization the antibodies are considerably increased in the 
serum the secretory organ of the eye excludes all bodies with cytotoxic actions from 
the intraocular fluids, so that only traces of antibodies can be met with in them. 
I have named this phenomenon the law of cytotoxin retention by the secretory 
apparatus of the eye, and I think that it must have a meaning. 

An increased invasion of such derived albimiins might be injurious optically 
to the eye, but this is hardly probable, because when the albumin in the aqueous 
is increased, as after subconjunctival injections of salt solution, the vision does 
not appear to be affected. Or these bodies may be superfluous for the nutrition of 
the lens. This is just the case, for they are not to be found in the normal intra- 
ocular fluid, or in the eyes. Under certain circumstances such bodies with 
cytotoxic qualities might be injurious perhaps to the lens. In that case the secre- 
tory organ of the eye has an important duty to perform for the preservation of the 
lens. However this may be, there is still more to be learned concerning the derived 
albumins that help to form the normal nutritive fluid of the lens. We do not 
know whether the secretory organ of the eye allows them to pass from the blood 
into the aqueous and vitm)U8, or whether they are remodelled and prepared for 
the lens, as foreign nutritive albumins are reformed into albumin of the body in the 
intestines ; we can only test whether they give the same biological reactions as the 
serum albumin. We find then that the albumin of the aqueous and vitreous 
reacts exactly the same as the albumin of the serum of the same animal. 

Another important question in the nutrition of the lens is that of the osmotic 
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pressure of the intraocular fluid and its relations to the osmotic pressure of the 
blood. Here we meet with contradictions. Some ophthalmologists believe 
that the aqueous and the fluid of the vitreous have a higher osmotic pressure than 
that of the blood serum, and that the lens has continually to contend against a 
difference of osmotic pressure. 

Repeated attempts have been made, especially by Peters, to ascribe an impor- 
tant influence upon the origin of different forms of cataract to insignificant fluctu- 
ations in the salts contained in the aqueous. On the other hand. Hamburger be- 
lieves that while the aqueous may be a hyperisatonic fluid as compared with the 
blood serum, the lens is in osmotic equilibrium with this, its natural medium. 
This question has now been settled. Ntiel found that the osmotic pressure of the 
aqueous and vitreous is not higher, but the same as that of the blood. I then 
demonstrated that the physiological fluctuations of the osmotic pressure of the 
blood serum, which are by no means inconsiderable, are continually transmitted 
to the intraocular fluid, and that the lens is adapted to these fluctuations just as 
well as the blood cells. 

If the osmotic pressure of the blood serum is increased by loss of water from 
the body this fluctuation is transmitted to that of the intraocular fluid, though the 
equilibrium is established gradually, so that, at any given moment, the osmotic 
pressure of the intraocular fluid may be either higher or lower than that of the 
blood senrni, but usually both are alike. My pupil, Risslingy has studied this 
subject extensively. 

According to the results of my investigations a salt solution which corresponds 
in concentration to the osmotic pressure of the blood serum is the best isotonic solu- 
tion for the lens. For ox lenses such a solution contains from 0.9 to 0.95% of 
salt. While they remain alive these lenses appear faultless and do not increase in 
weight. 

As to the theory that an insignificant increase of the salt in the aqueous may 
cause a disturbance of the metabolism in the lens and the commencement of a cata- 
ract, the latter is certainly not the case. If it were so our lenses would be in 
danger after loss of water from the body, for example, by forced marches. But 
such a fear is groundless. A transient, physiological increase of the concentration 
of the salt is of no importance to the lens, and a permanent increase in the aqueous 
is impossible because of the law of osmosis, which naturally effects the necessary 
exchange with the blood. Nothing justifies a theory which asserts an exceptional 
position for the lens in regard to its relations with the fluid which surrounds it 

If we are correct when we consider the blood serum to be the best isotonic 
solution for the blood cells, although its osmotic pressure constantly undermes 
considerable fluctuation, we must acknowledge that the lens is in osmotic equi- 
librium with the intraocular fluid, the osmotic pressure of which is no greater than 
that of the blood. As the lens remains sound in spite of the well marked fluctu- 
ation of the osmotic pressure in the blood and intraocular fluid it is evidently 
adapted to these fluctuations, the same as the blood cells. We shall return in 
another place to this comparison with the blood cells ; here it is of interest because 
both they and the lens obtain their nutriment through osmotic exchange with the 
surrounding fluid. 

Just as the protoplasm of the blood cells forms a membrane which interferes 
with diffusion, in that it prevents the entrance of water and the escape of hsemo- 
globin, so the lens is provided in an analogous manner with a protective device 
which limits diffusion and guards against the entrance of water. It is a question 
whether this is an attribute of the lens capsule, or of the epithelium. I am con- 
vinced that it is an attribute of both. 
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It has been proved that in various forms of cataract large areas of the epithe- 
lium of the capsule are destroyed, and that tliis results in an increased influx of 
water and an enlargement of the lens. This may be easily proved by experiment 
The lens of an animal may be massaged through the cornea so as to d&stroy the 
epithelium of its capsule while still in the eye. If it is then removed and placed 
in an isotonic salt solution, together with an uninjured control lens, it can be seen 
in a few hours that the anterior capsule has become elevated and that water has 
entered, although the control lens remains perfectly clear and intact. 

Against the protective action of the epithelium it has been urged that the pos- 
terior capsule has no epithelium and yet the lens is protected against the fluid of 
the vitreous, but it must be remembered that the lens fibres are inserted in the 
posterior capsule with broad ends, forming a mosaic, which acts like epithelium. 
In addition to this, no fluid can enter the lens easily from the vitreous, so that an 
isolated injury of the posterior capsule is followed usually by only a little cloudi- 
ness of the lens. 

It cannot be disputed that the lens capsule itself also takes part in the protec- 
tion of the lens by impeding diffusion. If a small wound, that remains open, is 
made in the anterior capsule, many more lens fibres become swollen, opaque and 
disintegrated through the entrance of the aqueous, although little epithelium has 
been injured. It would be impossible for a total cataract to develop after an in- 
significant injury to the capsule, if the lens fibres and cells themselves were provided 
with a sufficient protection against diffusion, so it is evident that the product of 
the epithelium, the capsule, performs to a certain degree the duty of protecting the 
lens fibres, perhaps because nutrition can be better assured thus than would be 
possible if each fibre were supplied with a cell membrane to impede diffusion. 

n. How is Nutritive Material Appropriated by the Lens ? 

First, filtration currents may be excluded. It has been disputed for a long 
time that fluid may pass through the lens capsule by filtration when there is a dif- 
ference in pressure ; the latest researches of Leber render it probable, but this does 
not hold good for the lens in the eye. When the lens is injiu^ the capsule gapes. 
The hydrostatic pressure in the lens can be only slightly greater than that 
about it, so when it swells, or a cataract develops, some fluid might be expressed 
through the capsule, but none could enter. 

The lens depends rather on diffusion with the surrounding intraocular fluid 
for its nourishment. No pores exist in the capsule which can be found anatomi- 
cally, so the question arises whether it is permeable as such and, if so, for what sub- 
stances. Experiments have proved that quite a number of substances can diffuse 
through the isolated lens capsule, including such crystalloids as sodiimi chloride^ 
ferric chloride, fluorescin, potassium ferrocyanide, eosin, carmin, and methyl blue» 
and such colloids as egg albumen, serum albumin, haemoglobin and the colloidal 
solution of gold, while there are other substances, e.g., Prussian blue, to which 
the capsule is impermeable. The rapidity with which the individual substances 
become diffused varies greatly. 

The results of these experiments are quite different when the entire lens is used. 
Carefully prepared, fresh lenses may be placed for several hours in various staining^ 
solutions ; then, if they are washed off and cut in two, it can be seen that none of 
the stains have entered them. Such substances cannot penetrate to the fibres until 
the lenses die. 

All such experiments have shown in addition that a diffusion into the lens of 
such substances as fluorescin, potassium ferrocyanide and potcussium iodide, is ex- 
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tremely slow, and slower when the experiment is performed with the eye in its 
normal condition than when the lens is placed in a test tube. Foreign substances 
which have been introduced into the blood are always demonstrable in the lens very 
much later than in the other parts of the body, if at all. Even after the intro< 
duction of such substances as potassium ferrocyanide and fluorescin directly into 
the eye, hoiu^ and even days may elapse before they appear in the lens. 

The remarkable slowness of the process of diffusion into the lens must have a 
cause. The epithelium exercises a sort of physical selection. There is only a 
small amount of connecting material between the fibres of the lens, and this forms 
the primary path for diffusion in the organ. To this must be added the peculiar 
physical nature of the substance of the lens, a glutinous mass, which may be 
appreciated by crushing a lens between the fingers. This protoplasm evidently 
exerts a considerable resistance to the diffusion of soluble substances, especially 
when they are heterogenous, while the intercellular material, which forms the 
path for the nutrient substances to the cells, is fitted for greater diffusion. 

One peculiarity of the lens substance, constantly met with in the pathology of 
the lens, as will be seen later in the origin of traumatic cataract, is its hygro- 
scopicity, which is due to the large amount of albumin it contains. If a wound 
is made in the capsule of an animal's lens, and the latter is then placed in a 
0.95% isotonic solution of salt, the lens substance about the wound becomes greatly 
swollen. Evidently two processes take part in the production of this swelling, 
osmosis between the contents of the fibres and the surrounding fluid, and a molec- 
ular imbibition of water by the lens fibres. 

Important as osmosis and diffusion are in the nutritive processes in every cell, 
including the cells of the lens, we learn nothing more from them alone concerning 
these processes. The study of immunity, particularly through EhrUcVs theory 
of receptors, has revealed tiiat the living protoplasm of the cells possesses many 
specific affinities, by means of which the cells appropriate and assimilate their 
nutriment. By these chemical groups, specifically arranged according to maximal 
affinity, each cell selects the substance that it needs. It can be demonstrated by 
a law which I discovered that these processes of cell nutrition apply also to the 
lens. 

When the exchanges of substances between the blood serum and the lens are 
studied, it appears that not every antibody can enter the lens, but only those to which 
it has a speckle affinity. By experiment it may be shown that the action of only 
one kind of hsemolysins is annulled by the reception of these cytotoxic bodies of 
the serum into the lens, while the other kind dissolves the blood cells, because the 
lens possesses no specific affinity to it. From these experiments it may be learned, 
and this is important with reference to the nutrition of the lens, that the appro- 
priation of all such substances by the lens is subject to the law of the specific 
division of corresponding receptors. The more we study this subject the stronger 
becomes the evidence that the processes of pure osmosis, through which it was once 
hoped to penetrate the mysteries of cell metabolism, are insufficient to explain the 
appropriation of nutriment by the cells. 

m. What Substances Are Appropriated by the Lens? 

We know nothing whatever about what substances are appropriated by the lens 
from the intraocular fluid, or about the proportions these substances bear to each 
other, or about the time occupied by the process. Experiments with foreign sub- 
stances can give us no information, because the lens does not live on such material. 
If such substances enter the lens and are harmless to the cells, they are excreted 
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again without undergoing assimilation; if they are poisonous nothing can be 
inferred, concerning the normal nutrition of the organ, from the effects that they 
produce. 

In view of the fact that the nutrition of the lens is subject to and provided for 
by diffusion and the specific affinities of the cell protoplasm the theory formerly 
held, that nutritive currents enter the lens in certain places, is untenable. Such a 
theory is not consonant with oiu* present knowledge, is based on experiments with 
foreign substances which prove nothing, and no anatomical examination has 
revealed any preexisting tracts in the lens. 

We know also that the nutrition of the lens and its transparency are indepen- 
dent of its connection with the zonula, because lenses remain clear for a long time 
after they have been dislocated into the vitreous. That such foreign substances 
as potassium ferrocyanide are usually met with in the neighborhood of the equator 
of the lens is explained by the fact that, after passing through the secretory organ, 
their concentration must be at its maximum for awhile at that point. Everyone 
conversant with the facts will therefore agree with Leber that the lens elements in 
need of nutrition draw their supply from all places where the nutriment has free 
access to the lens. But I believe, though Leber does not, that the anterior surface 
of the lens takes the essential part in the work of nutrition. Hess has shown that 
up to the time of birth the anterior capsule is covered by many vessels, and that 
■such a vascular development indicates that the vessels are needed for the nutrition. 
It is not likely that the lens should suddenly lose at birth its ability to receive 
nourishment through the anterior capsule. 

IV. The Constructive and Destructiye Actiyity of the Protoplasm of 

the Lens 

How the nutritive substances appropriated by the lens are used surpasses our 
knowledge. Every living cell is a chemical laboratory in which a constructive and 
•destructive metamorphosis of the living protoplasm takes place, but we are unable 
to view the process in it, or in the lens. 

The lens consists of about 65% water and 36% solids. Of this 35% rather more 
than 1% is composed of salts and such substances as cholesterin and lecithin, the 
remaining 33-34% of derived albumins. According to Moemer about one half of 
the derived albumins are soluble in dilute salt solution and resemble globulins. 
The insoluble derived albumins are called albuminoids. 

The presence of chemically acting groups, called receptors, in this lens albumin 
is proved by the fact that solutions of the lens albumin are able to agglutinate 
strongly the blood corpuscles of rabbits, and these bodies act specifically only on 
rabbits^ blood. The lens albumin is able also to fix tetanolysin, a toxin of tetanus 
bacilli, and so protect blood cells from this poison. 

It can be shown also, by a series of experiments, that the lens albumin is able to 
fix certain hsemolysins in a specific manner. All these things go to show that the 
protoplasm of the lens has powers which can and do become active in the construc- 
tive and destructive metamorphosis of nutrient substances. Objections have been 
raised recently by Sahis to the receptor nature of these constituents of the lens yyrhich 
are so efficient biologically. He believes their action to be that of lipoids, but the 
specificity of these actions is not to be explained by such a hypothesis. It is evi- 
dent also that chemically efficient groups are present in the molecules of albumin 
in an organ 30% of which consists of albumin. That among them are groups 
nrhich act as receptors is shown by the fact that specific antisera may be produced 
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with lens albuinin. This leads us to an important phenomenon, for the knowledge 
of which we have to thank Uhlenhuth. 

In a serum productive of specific precipitates, e.g., one that permits the recog- 
nition of human blood and organic albumin alone, distinct precipitates are formed 
by the admixture of the thinnest dilutions of human blood. This phenomenon is 
of great forensic importance. But no precipitates are formed in the serum by 
solutions of the human lens, which proves that the derived albumin of the lens 
differs biologically from all other albumins in the human body. Inversely : A 
serum prepared through previous treatment of an animal with albumin from the 
lens of an ox, for example, will not only precipitate the albumin from the lens of 
an ox, but likewise solutions of albumin from lenses of all kinds of mammals, 
while the albumin of the blood does not react with such a serum. In this way the 
blood of different animals can be distinctly recomized, but the albumin of the 
len. of an ox caanot be distinguished from 4at of a human lens. 

Identical derived albumins are contained in the lenses of all mammals. The 
fact that the structure of its albiunin is primitive and common to different species 
of animals leads us to suppose that the lens is an organ which is formed at an early 
period of embryonal life, before the advent of the time for a further transforma- 
tion of its albumin to correspond with the species. 

To recapitulate we may say that the lens obtains its nourishment through 
osmosis with the intraocular fluid and through the specific affinities of its proto- 
plasm. Disturbances in this process of nutrition lead us into the pathology of 
the lens, to which we will now turn. 

52. Visual Disturbances Due to Changes in the Lens without 

True Cataract 

L Cataracta Nigra 

We have here an aged patient who says that he can no longer see. Such a 
condition may be due to many causes, for i}ie weakness of old age may give rise to 
various morbid changes, and our first duty, when a patient complains of inability 
to see, is to examine the refractive media for the cause. 

In this patient the cornea and aqueous are clear, but an almost dark brown 
reflex is obtained from the pupil by oblique illumination, especially when the 
pupil is dilated. There is no doubt that this reflex comes from the lens and is 
greatest in its centre, while toward the periphery the yellow, or brown color passes 
over into a diffuse, grayish reflex. When the age of the patient is taken into con- 
sideration this appearance suggests cataract at once, but an examination with 
the ophthalmoscope shows the lens to be so transparent that the fundus can still be 
made out. 

There is in this case no true opacity of the lens, such as is understood to be 
meant by the word cataract. The Arabs called the opaque lens **the water that 
falls in the eye'' ; hence the name that has been handed down from the Middle 
Ages, cataract, waterfall. Under this term, cataract, is comprehended all the 
diseases of the lens which are associated with visible opacities. No such opacity 
is present in this case, and yet the patient complains of visual troubles which 
may be due to changes in the lens. Central vision is found, on testing, to be 
greatly reduced, and even deep blue appears gray to the patient. 

This case is a typical example of the fact that the physiological changes in the 
lens due to age may exceed their normal limits and lead imperceptibly into pathol- 
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ogy. The lens undergoes a process of sclerosis which produces a yellow discolora* 
tion in its nucleus ; when this sclerosis is excessive the yellowish becomes a' brown 
discoloration and gives rise to such disturbances of vision as those complained of 
by this patient. Such a lenticular change is called cataracta nigra, although no 
true cataractous opacities are present. 

Examination of the lenticular reflexes shows this to be a case of great sclerosis 
of the lens. The anterior reflex of the nucleus is yellowish in cataracta nigra and 
the posterior reflex from the cortex, which is scarcely visible, may appear brownish. 

The explanation of the interference with vision is that the brown discoloration 
of the lens causes a considerable absorption of the light, while at the same time 
the increase in the sclerosis of the nucleus results in reflection of much of the light, 
as may be seen from the strong reflex from the lens, and it happens not infre- 
quently that the brown discoloration is associated with a diffuse cloudiness of the 
nucleus, such as is met with in nuclear cataract. In my opinion cataracta nigra 
differs from the normal senile lens only in the high degree of its sclerosis. 

The idea has been advanced repeatedly that the brown discoloration comes 
from the coloring matter of the blood in tiie form of hsematin, or melanin, but 
this theory is not tenable. Like Hess, I have beenimable to find spectroscopically 
any signs of a derivate of the coloring matter of the blood. It has also been 
claimed that the black color of cataracta nigra is produced by pigment granules 
from destroyed pigment epithelium cells, but this also is incorrect, because such 
substances cannot pass through the intact lens capsule. 

Vision can be improved in these cases only by the removal in toto of the lenses. 
They may be very large, as they consist only of large nuclei. The chances of the 
operation are very good. 

Under the microscope the entire lens up to the capsule is seen to be transformed 
into a nuclear mass. The epithelium of the anterior capsule is very small and the 
nucleus contains very few cells and nuclei as compared with a younger lens. 

II. Lens with Double Focus 

This patient, who is in his forty eighth year, states that during the past year 
he has become very nearsighted, though he previously could see well at a distance, 
and has never worn, or needed a glass for nearsightedness. 

Myopia develops in youth and the normal eye begins to become presbyopic 
about Jthe forty fiftii year, so a history of development of myopia in advanced life 
immediately suggests two possibilities. 

We not infrequently meet with people who are happy that they c€ui read once 
more without their presbyopic glasses. The physician knows that such a myopia, 
appearing in an elderly person, is often a sign tiiat a cataract is being developed, 
but the myopia can occur without the formation of a cataract. 

When the pupils of such a patient have been dilated it can be seen by oblique 
examination that the central portion of each is slightly gray, or yellowish gray. 
The phenomena seen with the ophthalmoscope are much more characteristic. 

First it must be ascertained that the lens is perfectly transparent and contains 
no opacities, which appear dark in an ophthalmoscopic examination. Then, 
when the mirror is rotated slightly from side to side, as in a skiascopic examina- 
tion, a most striking phenomenon is to be seen. The central part of the pupil 
appears somewhat darker and distinctly separate from the brighter peripheral por- 
tion, in spite of its transparency, and with each movement of the mirror a circular 
shadow comes and goes between them. 

Still more remarkable is the difference in the refraction between the central 
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and the peripheral portions of the pupil ; the central field moves in the same 
direction as the movement of the concave mirror, while the movement of the per- 
ipheral zone is in the opposite direction. In other words: there is a fairly high 
degree of myopia in the central part of the pupil, with emmetropia, or perhaps 
hypermetropia, in the peripheral part Now it is clear why the patient said that 
he had become nearsighted. 

Subjective tests show that the patient brings a book very close to his eyes, and 
that a strong concave lens is necessary to enable him to see at a distance. 

Two refractive conditions are present in the one. eye. This has been caused 
by a change in the lens and therefore the clinical picture has received the name of 
**lens with double focus. '*' It has also been termed false lenticonus and pseudo- 
cataract (Halben). It furnishes another example of how changes in the lens may 
cause disturbances of vision without the presence of cataract 

The origin of this abnormally great difference in the refraction of the central 
and peripheral portions of the lens may be studied by means of the lenticular 
reflexes. When the reflex from the nucleus is compared with that obtained in 
another person of the same age with a normal lens it is seen to have an increased 
light strength. The greater the difference between the index of the cortex and 
the index of the nucleus the more distinct becomes the reflex from the nucleus. 
Hence this anomaly depends upon an abnormally great difference between the 
indices of the cortex and of the nucleus. 

This is indicated also by the great difference in refraction between the central 
and peripheral portions of the lens. The question now arises : What is the cause 
of this abnormally great difference between the index of the cortex and that of the 
nucleus P Hess has shown that under normal conditions the transition from the 
index of the cortex to that of the nucleus is not gradual, but sudden. There are 
a priori two possibilities : Either the cortical index is abnormally reduced by 
diffusion in commencing cataract, as thought by Demkcheri^ or the index of the 
nucleus is raised by an abnormal loss of water, as suggested by Guttmann, 

The theory that the cause of this anomaly of a lens with a double focus is an 
abnormal increase of the index of the nucleus seems the more probable because it 
is not always a forerunner of a true cataract Hess has called attention to the 
fact that perhaps a greater curvature of the surface of the nucleus needs to be 
taken into consideration, because the greater the curvature of the surface of the 
nucleus the greater is the refraction of the rays of light when the difference between 
the indices is the same. However this may be, the fact remains that such changes 
in the lens without true cataract can produce important disturbances of vision. 
In such cases we try first to improve the vision witii glasses, but if the visual dis- 
turbance is so great, and the refraction is so difiicult to correct that this cannot 
be done, no remedy remains except the extraction of the lens. 

53. The Most Frequent Form of Senile Cataract, Cataracta 

Senilis Subcapsularis 

True opacities in the lens of various forms and extent are met with in a great 
many elderly and very old people. Every layman knows that a cataract which 
appears in old age is called a senile cataract. This is a diagnosis, but one that 
hardly suffices for the general practitioner and surely does not suffice for the 
ophthalmologist, for quite different diseases of the lens have been grouped together 
under the term senile cataract. 

One form we have studied already, the cataracta nigra. It is a question 
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whether this is a real cataract, because the lens is only abnormally brown and does 
not contain any true cataractous opacities, although the disturbance of vision pro- 
duced by the abnormal sclerosis may be so great as to necessitate extraction of the 
lens. 

The conditions are quite different in the other cataracts which are met with in 
old age. In all of them actual opacities, manifold in form and extent, may be 
seen in the lens. The forms met with late in life are : 1, subcapsular cortical cata- 
ract; 2, supranuclear cataract; 3, nuclear cataract; 4, punctate cataract. The 
differentiation of these forms is not purely of theoretical interest, as will soon 
appear, and whoever would determine the particular form of cataract in an indi- 
vidual case must not only be acquainted with, but use in every case the methods 
of clinical examination at our disposal. The exact diagnosis of the form of a senile 
cataract is possible only when the pupil is dilated and these four methods of exam- 
ination are employed one after the other: 1, oblique illumination; 2, simple 
illumination of the pupil with the ophthalmoscope ; S, careful examination of the 
cataract through a strong plus lens attached to the ophthalmoscope ; 4, exam- 
ination with Zeiss'" loupe. 

TTie Subcapsular Cortical Cataract 

For the commonest form of senile cataract we have adopted the name given it 
by Hess^ subcapsular cortical cataract, to impress the fact that the morbid changes 
take place in the outermost cortical layers of the lens. The lenticular fibres which 
are situated just beneath the capsule are the ones which become opaque and finally 
disintegrate. The nucleus remains wholly unaffected, except in a few cases in 
which it becomes smaller. The general practitioner should be well acquainted 
with this form of cataract, for it is this chiefly which is met with in patients who 
seek him for advice. He may be able to conjecture the presence of an incipient 
senile cataract from the troubles of the patient, but he should be able to confirm 
his suspicions objectively to make his diagnosis. 

The symptoms complained of by the patients vary exceedingly. One would 
think that failure of vision would usually first lead tiie patient to the physician, 
but some have very vague complaints. They may complain of muscse volitantes, 
and then it may be asked whether the muscae remain fixed when the eye is quiet, 
or keep on moving and sink. In the latter case they may be due to floating 
opacities in a fluid vitreous, but when they are caused by lenticular opacities they 
cannot cnange their places. 

Some patients complain that they seem to be seeing through a veil, sometimes 
that they have double, or quadruple vision. In such patients one eye may be 
closed to ascertain whether they still have diplopia. When we come to the 
study of muscular paralyses we will find that diplopia due to paralysis disappears 
at once when one eye is excluded from participation in the act of vision. If the 
diplopia is due to a lenticular opacity in one eye it must still be present when the 
other eye is closed. 

Polyopia is still more interesting. Fucfts tells in his textbook of a lamp- 
lighter in a castle who saw thousands of lights because of his polyopia, and 
believed that he was dealing with a ghost. Diplopia and polyopia are produced 
by irregular astigmatism of the lens, and it may be imagined what optic irregu- 
larities may take place in such an organ when it is undergoing disintegration. It 
has been mentioned that myopia may appear in the development of senile cataract, 
but in the majority of cases the complaints of patients with incipient cataract are 
very vague. Therefore it is important for the physician to know that there is 
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scarcely a disease of the eye which can be recognized so positively and with so 
little trouble as incipient cortical cataract. This can be shown by means of sev- 
eral patients who exhibit the primary stage of this disease. 

The pupil is first dilated and then hyjbcal illumination divergent, gray and 
gray white, wedge shaped opacities can be seen beneath the capsule in the periphery 
of the lens. Their apices are directed toward the anterior pole, and the inner and 
lower margins are particularly affected. The pupillary area is still clear, at least 
to the naked eye. 

Before the pupil is dilated its area appears gray on ordinary examination, but 
this does not necessarily indicate opacity. When it has been dilated such opaci- 
ties as those just described are found in the peripheral portion of the lens behind 
the iris. This proves that the artificial dilatation of the pupil is of great im- 
portance in the diagnosis of an incipient senile cataract, and also that the sub- 
capsular cortical cataract appears to start by choice in the region of the equator 
of the lens. 

Examination with the ophthalmoscope reveals two new points. First, all of 
the lenticular opacities, which appeared to be gray, or gray white^by focal illumi- 
nation, now stand out as dark, or black against the red background of the rest of 
the pupil, for all opacities of the refractive media of the eye appear to be dark in 
the light transmitted by the ophthalmoscope. Second, more opacities come into 
view than by focal illumination, and the very first signs of senile cataract may be 
seen. 

The lens cells and fibres do not disintegrate and become opaque evenly, but 
frequently radii as bright as glass, which have been compared to cracks in clear 
ice, appear between the breaking down lens fibres and form the first indication. 
At fir^ they can be perceived only by alternating movements of the mirror. 
There is no doubt that they are caused by accumulations of water between the 
fibres. The constituents of the lens fibres undergoing disintegration gradually 
make them opaque, and finally, together with the opaque lens fibres in their neigh- 
borhood, they produce the clinical picture of cataractous opacities, and in this 
simple way the exact position of each may be ascertained. In advanced cases 
scalelike opacities in the posterior layer of the cortex may be recognized by 
oblique illumination, but in the primary stage their positions can be learned only 
by means of transmitted light. If such an eye turns upward while undergoing 
examination with the ophthalmoscope a part of the lenticular opacities appear 
to move downward. This is parallactic displacement. The apparent change 
of place of part of the lenticular opacities in the opposite direction to the move- 
ment of the eye shows that they are in the posterior corticalis. This exact 
determination of the position and extent of the cataractous opacities is of impor- 
tance to the ophthalmologist if he would watch their advance. The diagnosis 
of subcapsular cortical cataract is established by means of focal illumination and 
ophthalmoscopic examination, together with the simultaneous observation of the 
parallactic displacement. These methods can be refined by the aid of an addi- 
tional strong magnifying glass. 

When light is focussed upon the eye, and the eye itself is observed through a 
second magnifying lens, many details are perceived, especially of the opacities in 
the anterior cortex, which would otherwise escape notice. We use for this pur- 
pose, here in the clinic, CrapskVs binocular microscope, by means of which we ob- 
tain not only magnification, but also binocular stereoscopic vision. No case of 
cataract goes through oiu* clinic without an examination with this instrument. 

Various convex lenses may be interposed in the ophthalmoscope, by means of 
the rotating disc, so as to permit the opacities to be studied under different degrees 
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of enlargement, and it is astonishing how much more can be learned about them 
in this way. 

In another case of subcapsular cortical cataract single fine, dark gray lines 
may be seen in the lens by focal illumination, but with the ophthalmoscope an 
entire series of clear, cleftlike formations, arranged in a radiating form, can be 
perceived in the equatorial region. By moving the mirror to and fro part of the 
clear radii almost completely disappear, to come again into view in other posi- 
tions of the instrument. At times they appear bright, at others they cast dark 
shadows. The longer the examination, the more shadows appear. This proves 
that these clear radii are situated just beneath the capsule and not in the deeper 
layers of the cortex. Such very minute opacities of the lens are perceptible only 
by means of the mirror, either alone or with a magnifying lens. 

It is important that the ophthalmologist should record graphically on a chart 
the extent of the morbid process found in the lens by means of this examination 
with the ophthalmoscope. Each examination to be recorded must be made with 
a magnifying lens of a certain strength and with the eye looking directly forward. 
In this chart the visible field of the dilated pupil is divided into sixteen sectors, 
and also into a peripheral a-zone, a middle &-zone and a central c-zone. By this 
* means the presence and position of each lenticular opacity can be recorded very 
accurately. The differentiation of anterior and posterior cortical opacities may 
be indicated by the use of different colors. 

We have thus far been studying the initial stage of subcapsular cortical cata- 
ract, which passes through several stages of development. It evidently starts from 
an increased permeability to water on the part of the external cell elements of the 
lens. Accordingly, in one patient a number of clear spaces can be seen in its 
outermost periphery, which were caused by fluid between the lens fibres in the 
equatorial region. Hess has also called attention to minute, roundish, vesicular 
vacuoles, which may be perceived by careful examination here and there beneath 
the epithelium of llie anterior capsule in the pupillary region. These also indi- 
cate an impairment of the regulation of the amount of water in the lens by the 
epithelium. The number and extent of the clear spaces beneath the capsule 
gradually decrease. Their contents begin to become cloudy, and then quite a 
number of gray, or gray white, opacities appear : radiating opacities have devel- 
oped from the waterlike radii. 

It is improbable that all the opacities originate in this manner. According to 
my observation they are produced rather by a direct disintegration of the lensjibres. 
It must not be forgotten that, throughout the entire process of destruction of the 
lens elements, an exchange takes place between the contents of the fibres and the 
fluid that has entered, and that this varies according to the depth and lateral 
extent, as well as the age of the lens. The clinical picture of an incipient sub- 
capsular cortical cataract therefore varies exceedingly. We meet with irregular 
gray patches in addition to the regular radiating figures, but in the incipient stage 
small sections of the lens always have been affected first by the morbid process, and 
often these can be discovered only when the pupil is dilated. The eye is other- 
wise normal and usually the vision is impaired slightly, or not at all, even when 
the opaque sectors encroach upon the pupillary area. It happens not rarely that 
the involvement of the posterior cortex, particularly in the posterior polar region, 
is responsible for the failure of vision. 

In this stage of incipient cataract the condition of the vitreous should be care- 
fully noted. Anyone who is accustomed to do this is able to confirm the state- 
ment that scarcely a case of incipient cortical cataract is met with in which 
opacities cannot be distinctly recognized in the vitreous. The electric ophthal- 
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moscope is of great service for this purpose ; it is surprising how much more can 
be perceived with it in this examination. The fact that the fluid of the 
vitreous is found very often to be not normal seems to me to be of great interest 
in the pathogenesis of diseases of the lens. 

The next case presents quite a different picture. The opacities have increased 
in size and number, the disintegration of tiie fibres is further advanced, and we 
meet with entire strata that are opaque. The apices of the sectors come partly 
into view even when the pupil is not dilated. The radiating arrangement is still 
distinct, and the posterior can still be distinguished from the anterior opacities in 
the cortex. The red reflex can still be obtained with the ophthalmoscope, but 
the dark portions are much more massive. The anterior chamber at this time 
is distinctly shallower than it should be, as may be seen by comparing the two 
eyes, if the other one is normal. This is due to the swollen condition of the lens. 
The studies which have been made hitherto concerning the proportionate weight 
of the opaque human lens are unsatisfactory, for it is not easy to obtain unobjec- 
tionable material for the necessary control lenses. 

In still another case the area of the pupil is uniformly gray, and a glance with 
the ophthalmoscope shows that it is no longer possible to see into the eye. The 
cortical layers beneath the capsule are completely opaque. A sectorlike demarca- 
tion of the swollen masses of fibres is perceptible still in the pupillary area, 
especially when the pupil is dilated, and the stellate rays are frequently distinct. 

The cataract in the other eye is not yet ripe. This may be shown by allowing 
light to fall obliquely upon the eye so that the margin of the pupil casts a narrow, 
dark shadow. Great clinical importance was formerly ascribed to this shadow of 
the iris. This shadow is formed on the side of the pupillary margin turned 
toward the light, because the rays of light pass through a transparent layer of 
cortex before they are intercepted by an opaque layer that is situated more deeply. 
Hence its presence proves that the cataract is not yet mature. At this time the 
anterior chamber is no longer shallow, so the size of the lens must have become 
reduced by loss of water and inspissation of the opaque masses. 

If a cortical cataract is not removed by operation after it has advanced thus 
far, further changes take place in the lens. We have here a patient with a very 
deep anterior chamber and a tremulous lens, which is evidently shrunken. Atten- 
tion is attracted at once to the peculiar white dots and spots which lie just beneath 
the capsule in the pupillary area. Beneath them can be seen the brown nucleus 
of the lens. This is the stage of cataracta hypermatura. The size of the reflex 
from the nucleus is to be noted, because it will take part in determining the size 
of the section to be made later at the operation. This is not the only picture we 
meet with in hypermature cataract. Instead of having formed a mass containing 
little water the cataract may be transformed into a milky fluid, and the lens is 
uniformly bluish, with no traces left of its stellate appearance. The brown nu- 
cleus has sunk to the bottom of the sac formed by the capsule, in which it can be 
made to move about by changes in the position of the head. Such cataracts are 
named fluid, or Morgagnian cataracts. The fact that the lens is tremulous in 
this stage proves that its sus|jensory ligament must be relaxed. 

The course of a subca[)sular cortical cataract represents a death of the lens 
until finally it lies a dead organ within the human eye. 

The clinical picture cannot be understood properly without a study of its 
microscopic anatomy. Simple as the construction of the lens appears, the details 
are manifold in the pictures met with in the histological examination of the dis- 
eased organ. Two phenomena are constantly met with: 1, degeneration taking 
place in the epithelium of the capsule with active proliferation ; 2, signs of dis- 
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integration preponderating in the lens fibres themselves. The changes that take 
place in the epithelium of the capsule are invetrtigated easily, because cataract 
patients continually furnish fresh material. 

On one slide it can be seen that the connection between the epithelium and 
the capsule is relaxed, numerous cells are deficient, here and there only remains 



Fig. SS.—DeKeneration of the Epithelium of the Capsule in Senile Cataract, after Hegs, 

of nuclei may still be seen, and over whole areas the cell protoplasm appears to be 
greatly degenerated. 

On another slide may be seen irregular striae in which cells are wanting here 
and there. Numerous vacuoles lie between the cells that are preserved. In other 
places normal, sharply defined cells alternate with badly stained ones which have 
ill defined margins. Proliferation of the epithelium can be seen distinctly about 
such zones of degeneration. It 
seems as if the lens had tried for 
a long time to resist the harm- 
ful influences which result in this 
form of cataract. On another 
slide morbid changes in the cell 
nuclei can be demonstrated. The 

disintegrating nuclei are sur- Fig. 34.— Pseudo Epithelial Layer on the Posterior 
rounded by numerous minute Capsule, 

vacuoles and are associated with 

many other changes. Sometimes an epithelial coat, composed of irregular cells 
of various shapes which come from the cell elements of the equator of the lens, is 
found on the posterior capsule. One of the commonest forms of degeneration of 
the epithelium of the capsule is the so called vesicle cell (Blseschenzell). One of 
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the first morbid symptoms in the lens fibres is the swelling, and from these swollen 
fibres vesicle cells may be formed. From the diseased fibres flaky masses enter 
the fluid collected between them, and finally they degenerate into a flaky liquid. 
Here and there remains of fibres are met with, having proliferated epithelial cells 
about them. Usually the nucleus of the lens is differentiated quite sharply from 
this zone of disintegration, and its compressed fibres appear to be normal. More 
rarely its surface is corroded and presents irregular defects. In the hypermature 
cataract the disintegration of the cortex is complete, and even the epitiielium of 
the capsule may be nearly or quite destroyed. 

54. Various Other Forms of Senile Cataract 

Cataracta Nuclearis 

In subcapsular cortical cataract the morbid process takes place in the outer- 
most layers of the cortex, while the nucleus escapes injury, but we meet with other 
forms of cataract, one of which is exemplified by this patient, in whom the nuclear 
portion of the lens appears to be uniformly and diffusely opaque, while the cortical 
portion is perfectly clear and transparent. No clefts, radii, or radiating opacities 
are present, and the only thing that can be positively determined is that the nuclear 
opacity is without a sharp line of demarcation, but blends gradually with the 
transparent cortex. This is known as the intranuclear senile cataract. This 
phenomenon follows no fixed law. Cases are met with in which this nuclear 
opacity is associated with subcapsular cortical cataract. I am convinced that in 
such cases two entirely different morbid processes occur together, that the lens is 
attacked by two different diseases either simultaneously, or in succession. 

This form of cataract is much less common than the ordinary cortical variety 
and is met with in younger people. Nuclear cataract usually develops about the 
age of forty. At that time the nuclear opacity is small and faint. It is much 
less distinctly visible with the ophthalmoscope than by oblique illumination, and 
reminds one of abnormal physiological sclerosis of the nucleus without true 
opacity. In the course of years the intranuclear opacity increases gradually until 
single punctate spots can be perceived within the nucleus on careful examination. 
In other respects little concerning its nature has been learned from clinical obser- 
vation and histological investigation. The lenticular reflexes are just the same 
as in other persons of the same age with healthy eyes. 

Scarcely any characteristic changes have been found in sections of lenses with 
nuclear cataract. In one lens the innermost portion of the nucleus appears to be 
uniformly homogeneous, so that the individual lens fibres can no longer be distin- 
guished, but in another case this is less marked, and such differences are met with 
even in quite normal old lenses. There is frequently a dry appearance of the nu- 
clear portion, which stands out sharply from the lustrous cortex, in the freshly cut 
lens with a nuclear cataract. 

Cataracta Supranuclearis 

Still more rare than the nuclear variety is the form met with in older persons 
and known as supranuclear cataract. In this form the opacity is situated not in the 
outermost portion of the cortex and not within the nucleus, but where a line 
of demarcation separates the surface of the nucleus from the cortex. Under nor- 
mal conditions the transition from nucleus to cortex is not uniform, as Hess has 
shown, and it is only when a true opacity is present that we can speak of a supra- 
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nuclear cataract. When studied with ZeUs^ loupe such opacities have a markedly 
whitish color and their position between the nucleus and the cortex can be made 
out distinctly. 

Hess found, by anatomical examination, a longitudinal hollow space filled with 
homogeneous masses extending from the equator of the nucleus into the supranu- 
clear zone, which was sharply differentiated from the nuclear zone. Near it lay 
other, irregularly defined, smaller patches. All of these areas of degeneration de- 
creased toward the nucleus, the oenb« of which was free from such morbid changes. 

A final form of cataract met with in old persons is that known as cataracta 
punctata ccerulea. Properly speaking this should not be included among the 
forms of senile cataract. 

Cataracta Punctata 

The incipiency of this form of cataract usually reaches back to a younger 
period of life, not rarely to the twenties, and some authors designate it as a form 
of congenital cataract. It is of great interest to us because of its being, in my 
experience, next to subcapsular cortical cataract, the form most frequently met 
with in old people, and because it is very apt to be mistaken for ordinary senile 
cataract when an insufScient examination has been made. This mistake does not 
happen when met with in young, or middle aged patients. It is by no means rare 
in this part of the world, but forms nearly half of all the cataracts we meet with 
in old age. 

A characteristic feature of this form of cataract is the great difference between 
what is seen with the ophthalmoscope and the condition revealed with Zeiss'* 
loupe ; so much less can be seen with the ophthalmoscope that in many cases the 
positive diagnosis of cataracta punctata can be made only by means of the latter 
instrument, which reveals roundish, sharply defined clouds that have a peculiar 
bluish lustre in the supranuclear layers. The first signs may be met with between 
the ages of twenty and thirty. When the cataract is more developed numerous 
bluish opacities may be seen in the anterior portion of the lens, ellipsoid in form, 
arranged like palisades, the axes of the ellipsoids forming radii. They may extend 
almost into the pupillary region, although in the initial stage they lie hidden be- 
hind the iris and can be discovered only when the pupil is dilated. A more pre- 
cise examination reveals about and between these palisades an innumerable quan- 
tity of very minute, round points, which frequently appear like dust in the lens on 
examination with the ophthalmoscope. Another characteristic feature is that the 
palisades do not start from the equator, like the opacities of cortical cataract, but 
from a preequatorial zone, so that the immediate neighborhood of the equator is 
found to be perfectly free. Another feature is that the anterior and posterior 
poles are the parts longest exempt from this degeneration in the great majority of 
cases. This cih;umstance and the fact that the opacities are so sharply limited ex- 
plain why vision remains so good in this form of cataract, even in its final stages. 
Vision fails only when the ellipsoids have become large and acuminate opacities 
have been added, which extend to the anterior and posterior poles of the lens. 
Decades may elapse before this takes place. Entirely different laws underlie the 
development and extension of this form of cataract from those of the subcapsular 
cortical variety. Whoever knows this can give his patients a better prognosis 
concerning the advance of the cataract. 

Caractata punctata is by no means always stationary, but it develops much 
more slowly than the average cortical cataract. The positive diagnosis of cata- 
racta punctata is of interest from the point of view of the operation, because ex- 
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perience teaches that it can easily be removed in toto and is particularly fitted for 
the extraction with round pupil. Very often a lens with cataracta punctata is 
attacked by subcapsular cortical cataract, which seems to cause a sudden advance 
of the former disease. The gray, or rather, dirty gray brown, indistinct subcap- 
sular opacities may be distinguished by means of Zeiss'* loupe from' the blui^, 
sharply defined, and more deeply situated opacities bf the punctate cataract. The 
prognosis in such mixed cases is different, although the progress seems to be slower 
than it is in most cases of purely cortical cataract. 

In a section of a punctate cataract homogeneous, and in part finely granular 
masses may be seen to lie between the apparently normal cortical fibres. In 
places the subcapsular layers of the lens present spindle shaped spaces between the 
fibres, some of which are filled with finely granular masses. The cause and the 
nature of this form of cataract are wholly unknown. 

55. Genesis of Senile Cataract 

We cannot pass by the subject of senile cataract, which yearly blinds many 
thousands of human eyes, without a consideration of its pathogenesis. It has 
been known from the earliest days of medical tradition, and yet the riddle of its 
causation has not been solved. 

Is it a true disease ? Or is it a physiological necessity that the lens should 
begin to become opaque when the man has reached a certain age ? When the 
silver threads appear in the hair, when the body bends under the weight of years, 
when life with all its sufferings has consumed decades, does Nature render it need- 
ful that our lenses should live no longer, that cataract accompanies, or starts the 
decay of the organism ? There are yet to day those who believe that every man 
will have a senile cataract finally, if he lives long enough. Such an idea is sup- 
ported by the fact that lenticular opacities are to be met with in old people very 
frequently, but this is not cogent proof that senile cataract is a physiological 
necessity. Even though many old eyes have lenticular opacities, yet it remains a 
fact that only a small fraction of the people who grow old develop senile cataract. 
As long as the other degenerative changes which take place in the organism in 
old age are not considered to be normal, and as long as there is scientific justifi- 
cation for the recognition of different forms of senile cataract, we must not con- 
sider it to be a physiological involution of an aged organ, but a disease of the 
lens. 

Concerning the genesis of the rarer forms of cataract met with in old age we 
know nothing, but that of the commonest form, the subcapsular cortical cataract, 
has long been a subject of study. I will not weary you with ancient theories, but 
tvum at once to the time when ophthalmology was placed on the basis of modem 
physical science and exact experimentation. 

The theories that have been advanced to explain the occurrence of senile cata- 
ract may be divided into three categories. 

First come those in which the cause of senile cataract is sought f(yr in the lens 
itself. The first hypothesis elaborated concerning the origin of senile cataract was 
that defended by Otto Becker in 1876, of an irregular sclerosis of the lens. This 
theory has prevailed even to the present time. Becker says : "It has to be assumed 
in senile cataract that the sclerosis of th^ lenticular nucleus, when not perfectly 
constant and uniform, so as to lead to the formation of a cataracta nigra, inter- 
feres with the uniform distribution of the nutritive fluid and thus gives rise to 
a relaxation of the layer adjoining the nucleus. This relaxation has also a 
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mechanical basis. When the nucleus becomes condensed and reduced to a small 
volume it must exert a tension upon the more peripheral parts. The cortical 
layers beneath the capsule about the anterior and posterior poles may yield readily, 
because the capsule is not fixed at those points, but the condition is different in 
the region of the equator. In the first place the coherence of the cortical fibres 
to each other is less because the youngest lens fibres are to be found at this place. 
At the same time the zonule of Zinn fixes the capsule externally, so as to prevent 
the withdrawal of the equatorial part of the lens from the ciliary body and its 
approximation toward the axis of the eye. Hence it cannot be surprising that in 
senile cataract there is first a loosening of connection, a separation from each 
other of the cortical layers, and then an opacity of the lens fibres, a molecular 
disintegration, a formation of cataract.'^ 

The questions immediately arise : Why does this abnormal sclerosis happen 
in only a part of the lenses that are growing old ? And why does this process 
take an abnormal course r Becker'' s theory can give no satisfactory answer to 
these questions. He only assumes that the nucleus of the cataractous lens may be 
qualitatively different from that of the healthy lens, that in this anomalous 
chemical behavior of the nucleus may be sought the cause of its greater contrac- 
tion, and that perhaps by this chemical difference it may be determined in the 
forties whether a man will have a cataract in old age. But this chemical differ- 
ence between the nucleus of the cataractous and of the healthy lens has not been 
proven, and thus the foundation for such a theory of predestination is lacking. 
In spite of its evident weaknesses Becker" s theory enjoys a high regard, has pre- 
served its authority up to the present day, and has been adhered to by Deutsch- 
mann^ who says: "The beginning of the senile cataract is to be sought in a dis- 
integration of lens elements within the intact senile lens. The true basis of this 
disintegration lies in an irregular process of sclerosis. The water, which the len- 
ticular nucleus gives up in its sclerosis and is harmless to a regularly and uniformly 
sclerosing lens, clouds the lens undergoing this faulty and irregular process by 
swelling its fibre elements. To the disintegration of fibres thus started succeeds a 
lively diffusion between the destroyed lens elements and the surrounding media, 
especially the aqueous." 

Recently Hats has raised serious objections to Becker'' s theory. Becker had 
referred in part to Priestley Smith, who had found that lenses with commencing 
opacities were frequently somewhat lighter and smaller than clear lenses of the 
same age, and Becker had taken this to be proof of a greater contraction of the 
nucleus in the cataractous lens. Hess properly maintains that a frequent, 
but by no means regular, decrease in volume and weight cannot be referreid off- 
hand to a contraction of the nucleus. The number of lenses that have been 
weighed is much too small, the fluctuations found in weight and volume are much 
too great, to permit of the conclusion that a contraction, a shrinkage, of the nucleus 
had taken place. Moreover it must not be forgotten that it is clinically demon- 
strable that in the first stage of subcapsular cortical cataract the lens distinctly 
increases in volume. For these reasons we have to drop Becker" s hypothesis. 

Among other theories that have been promulgated is that of Schoen^ who like- 
wise located the cause of senile cataract in the lens itself, though differently. He 
believes that the cause of senile cataract is the accommodative effort. Schoen 
says: "Continuous hard pulling on the fibres of the zonule produces detachment 
of the capsule in little folds, proliferation of the epithelium of the capsule in a 
little seam behind the equator, corresponding to the insertions of the middle 
fibres of the zonule, and in a second seam in front of the equator which corre- 
sponds to the insertion of the anterior fibres. Later the epithelial cells change 
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into vesicular cells and become forced into the cortex of the lens, the capsule 
separates from the lens at the equator, and now distiurbances of nutrition are created 
which lead to the further development of a cataract/^ According to such a 
theory lenticular opacities would be expected much sooner, in the younger years 
of life, when the mechanism of accommodation is most used, rather than in old 
age, when the accommodative changes in the form of the lens are very much less, 
or nonexistent. This hypothesis has not been accepted widely. It is untenable 
because, according to HesSy the presumptions of Schoen concerning the process of 
accommodation are incorrect, and also because clinical experience does not show 
that hypermetropes are more liable to senile cataract, or that cataract develops in 
them earlier in life. The same reasoning applies, according to Hess^ to the theory 
advanced by Schoen and others that astigmatism takes part in the causation of 
senile cataract. 

The cause of the development of senile cataract has been sought in the lens in 
still another way. Magnus believes that the hardening of the lens interferes 
with the currents of nutritive fluid, that a stasis of the latter occurs in certain 
regions of the lens, and that in old age the power of resistance of the lens fibre to 
such stases is reduced. But it is known that there are no nutritive currents in pre- 
existing paths in the lens, and this disposes of this theory, entirely aside from the 
fact that it leaves unexplained the ultimate cause of such disturbances of the 
currents. 

Finally Moemer says in his studies concerning the derived albumins of the 
lens: *^ Possibly cataract is to be looked upon as the final consequence of this 
advancing albuminoid transformation of the lens fibres, in that after loss of the 
soluble derived albumins the lens can no longer transmit light satisfactorily.'^ 
This chemical hypothesis does not hold good for numerous reasons. The physi- 
cian would learn by what processes in the organism of the patient the disintegra- 
tion of the lens fibres is caused. None of the hypotheses in which the ultimate 
cause of senile cataract is placed in the lens itself, and only in the lens, is able to 
explain the clinical picture of subcapsular cortical cataract. 

Next we come to a group of ideas that form a hypothesis which may be called 
the chemico physical theory. It rests upon the studies of Peters and his pupils, and 
is characterized by the fact that it lays much more weight upon the osmosis of the 
lens with the fluid that surrounds it, and thus extends its sphere of activity outside 
the lens. Peters believes that constant differences of pressure must exist between 
the contents of the anterior chamber and of the lens to promote the normal nutri- 
tion of the latter. There must be, he thinks, a higher molecular concentration in 
the lens than in the anterior chamber, and that the maintenance of this is a duty 
of the epithelium of the capsule. Any increase of the molecular concentration 
of the aqueous would be critical to the lens, because then the osmotic exchange, 
and so its normal nutrition, would be distiurbed. 

Now it may be possible that, as a result of senile changes in the secretory organ, 
the aqueous may contain an increased quantity of salt. He considers it probable 
"that a trifling increase in the concentration of the aqueous is of great importance, 
in so far as it is able to call forth no great diminution of the intracapsular 
pressure, but a certain degree of osmotic equilibrium between the lens and the 
aqueous, and so may result in at least a diminution of the currents through the 
lens. Thereby the central part of the lens will have to suffer, and so it can be 
readily imagined that a condensation takes place there, while the epithelium and 
cortex continue to be nourished normally. The lens responds to the total inhibi- 
tion of the currents not only by a condensation of its central part, but also by a 
nutritive disturbance in its cortical layers, to which is to be added the diminution 
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of pressure within the sac of the lens as an essential factor/^ A fact of osmosis 
contradicts this hypothesis. Numberless milliards of red blood corpuscles obtain 
nutrition although not surrounded by an anisotonic solution in the blood. On 
the contrary blood serum is considered the best isotonic solution for the blood 
cells. It is therefore questionable whether the case is essentially di£Perent with 
the lens, whether osmotic differences of pressiue must be constantly present 
between the aqueous and the contents of the lens. Doubt in regard to this 
is justifiable. The statements of some authors, that the osmotic pressure of 
the aqu^us may be higher than that of the blood, may indicate that an increase 
of the molecular concentration of salt in the aqueous is actually welcome to 
the lens. 

But it has been shown that the osmotic pressure of the intraocular fluids is 
not higher than that of the blood, that the physiological fluctuations of the osmotic 
pressure in the blood serum are constantly transmitted to the intraocular fluids, and 
that a continual mutation takes place to which the lens is adapted just as well as 
the blood cells. From the results of the study of osmosis I believe it to be im- 
possible for an abnormally high molecular concentration to be maintained in the 
aqueous. Even if an increased amount of salt appears in the aqueous as the re- 
sult of senile changes in the secretory organ, the osmotic equilibrium must be re- 
stored immediately by osmosis with the fluid of the vitreous and with the contents 
of the surroiuiding bloodvessels. Large quantities of salt introduced into the 
anterior chamber of an animal are resorbed immediately, and the assumption that 
a transient increase of the concentration of salt is harmful to the lens is contra- 
dicted by the results of this injection of salt into the anterior chamber. 

In addition to this it has not been proved that the development of a senile 
cataract begins with a shrinkage of the nucleus. If Salffner^a findings in the ex- 
perimental production of naphthalin cataract are taken in connection with the 
results of clinical observation, it must be admitted that the first symptom of sub- 
capsular cortical cataract that can be perceived is not a shrinkage of the nucleus, 
but an increased admission of water into the cortical layer. When finally it is 
considered that the concentration of salt is but a single factor in the nutrition of 
the lens, and that the relations of the living cell elements to the other nutrient 
materials are disregarded, it will be agreed that the hypothesis of Peters is too 
simple to deal with the conditions in the development of senile cataract, which are 
evidently very complicated. 

The third and final group of theories deals with the relations that exist between 
the entire organism and senile cataract. In view of the fact that as a rule senile 
cataract affects both eyes, though not uniformly, it could not fail that the ophthal- 
mologist should hold the entire organism responsible for this phenomenon. Such 
an idea may be traced back to the earliest days of medical knowledge. I cannot 
enumerate all the theories formed in ancient times, in the Middle Ages and later, 
concerning the origin of senile cataract from dyscrasic and metastatic causes. I 
will say only that, even as late as the first half of the nineteenth century, treatment 
of this condition with derivative, antiarthritic and antirheumatic remedies, blisters 
and setons, based on these hypotheses, was held in high estimation. The recog- 
nition of the hopelessness of such attempts, together with increased clinical observa- 
tion, opened new lines of thought, but yet the idea that the general condition was 
in some way of importance in the genesis of senile cataract could not die out, 
although it no longer found expression in such therapeutic measures, and although 
conceptions concerning the nature of this causal connection have by no means be- 
come clear. It prevails in modem ophthalmology. Becker^ who sought to find 
the origin of cataract in the lens itself, gave indications that he was not forgetful 
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of the rest of the organism. He says : *' If we take the simple senile as the proto- 
type of the primary cataract, we must see its cause in the senile sclerosis of the lens. 
I have tried to explain how the contraction thus produced leads to the formation 
of cataract. But, as not every individual, at least up to a certain age, suffers 
from cataract, there must be an exciting cause. Also, as both eyes of an individual 
are involved in cataracta senilis simplex, this exciting cause must exist in the 
general organism. Finally, as both eyes are never affected at exactly the same 
time, and, as r. Graefe rightly pointed out, as the second eye affords the more 
favorable prognosis for operation, showing that, aside from the cataract, the eye 
first affected is the less healthy, it follows that a cause which takes part in the 
formation of cataract is to be looked for in the eye itself. " 

V. Michel advanced another step. He believed that he had discovered an 
explanation of the fact that the development of cataract in the two eyes is not uni- 
form and of the same intensity in the sclerosis of the carotid, which is sometimes 
bilateral, sometimes unilateral. *' As both a quantitive and a qualitative change 
in physiological metabolism results from a retardation of the circulation in the 
vascular area affected by arteriosclerosis, and as there is a direct connection between 
the region supplied by the carotid and the circulation of the eye, it is to be sup- 
posed that disturbances in the former may exert an influence upon the nutrition 
of the eye, and particularly of the lens."" Besides this accentuation of the im- 
portance of arteriosclerosis v. Michel took into account the relations of the entire 
organism to the genesis of senile cataract. '^Cataract often forms the first link 
perceptible to the patient of a chain of subsequent general disturbances. Death 
from apoplexy is not rare. Any serious general disease, like an intercturent 
pneumonia, can greatly accelerate the development of an incipient cataract.^* 
'* An inadequate composition of the blood, a diminution of the nutritive material, 
is also of importance etiologically ; such a cataract might be termed an inanition 
cataract, or a cataracta cachexia. There are individuals who have become 
marasmic through disease, excessive physical efforts, many, or difiicult labors, 
poverty, sorrow and care.^' Clinical observations do not reveal a direct causal 
connection between senile cataract and atheroma of the carotid, but even Becker 
admits that the morbid condition of the uveal vessels is of importance in the devel- 
opment of cataract. It is to the credit of r. Michel that he accentuated this 
proposition. Nephritis is another factor which at one time was recognized. 
Although this cataract is not, strictly speaking, a simple, senile cataract, it seems 
best to state briefly in how far, and in what sense the relations of the general 
organism to senile cataract have hitherto been taken into account. Deutschmann 
was the first to claim that albuminuria could cause cataract through a change in 
the composition of the aqueous and vitreous, but it has been shown by numerous 
statistics that such a connection cannot be established. At present we can only 
maintain, with Deutschmann and others, that in this case, as in atheroma of the 
carotid, the degeneration of the vessel walls probably plays an important part in 
the development of cataract. Even FrenkcVs attempt to clear up the connection 
between cataract and renal disease, by testing the penetrability of the kidneys 
with intramuscular injections of methyl blue, is indecisive. It may be mentioned 
also that according to Hirschberff '* beneath the glowing sun of India senile cata- 
ract ripens twenty vears earlier than among us.'' 

According to Schnitzler^ the ultraviolet niys of sunlight are of importance in 
the etiology of senile cataract. Yet Hcss^ in harmony with Birch- Hirscl^eld^ 
states impressively '*that up to the present time no case of human cataract has 
been proved to originate from the action of light, and that conclusions concern- 
ing an etiological relation of light to the origin of senile cataract drawn from the 
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observations of Birch-Hirschfeld^ Widmark, and Herzog^ who produced lenticular 
opacities in some cases with the arc light, seem at least to be very risky/* 

Heterochromia has been described in connection with cataract by Huichinson^ 
Bistia^ Schapringer and others. The influence of heredity has been suggested 
often, as by Voasiua in his textbook. The influence of a bad condition of general 
nutrition upon the nutrition of the lens has been spoken of very frequently, and 
it is sometimes stated that a cataract originated from a general disease. Such fac- 
tors are held responsible particularly for the rapid advancement of a cataract. 
Groerumw has also claimed that the improper use of water cures, for the purpose 
of reducing bodily conditions, may promote the development of the opacity. The 
coincidence of prostatic hypertrophy with cataract, M which Hogg called atten- 
tion, comes under the heading of presenile marasmus. Thus we find in literature 
not a few efforts to disclose relations between senile cataract and the general 
organism. Groenouzo writes : ' ' The ultimate causes of senile cataract are certainly 
not yet known, but one can hardly be in error if he holds responsible for its origin 
not a local disease alone, but a certain disturbance of the general condition as a 
cooperating factor.** Hes3 says: ''In my opinion the theory that senile cataract 
is connected with disturbances in the general organism has much more in its favor 
than the mechanical explanation from the processes of a still quite unknown 
pathological shrinkage of the nucleus. But, in the former theory, I think that the 
purely physical factor of the altered osmotic conditions should not be brought too 
strongly into the foregroimd by slighting the biological properties of the lens 
elements. The outer cortical fibres of the lens, at least those that show distinct 
signs of growth, we must consider living elements, although their vitality is low, 
whose changes need not end in accordance with the physical laws of dead material. * * 

56. Senile Cataract as a Specific Disease of Metabolism 

A patient with senile cataract must wait, as yet, until his vision has fallen so 
low that no improvement can be hoped for except from extraction of the lens, 
although frequent attempts have been made to check its development medicament- 
ally. Recently it has been recommended by French ophthalmologists, Badal and 
others, to administer potassic iodide internally, and also to instill it into the con- 
junctival sac. (jerman ophthalmologists, like v. Pflugkj also have made such 
attempts. We likewise try, from other points of view, to penetrate the still 
obscure pathogenesis of senile cataract, and to find ways and means by which to 
influence it. I have formulated a theory concerning the etiological relations of the 
general organism to it, which may be termed thie biological. I will try to sketch 
it briefly. It is based on the teachings of immunity, because serum investigation 
has rendered possible an unexpected insight into many delicate processes of cellu- 
lar life. When the results of the immunity research are relied upon, and the phe- 
nomena of senile cataract are followed with open eyes, the thought comes almost 
involuntarily that a cytotoxic process takes place in the epithelium and fibres of 
the lens. Then many questions arise which need to be discussed from this new 
point of view. 

I can illustrate my ideas concerning the cause and nature of senile cataract by 
arranging in parallels some of the symptoms of cytolysis of the red blood cells and 
the processes of the development of cataract. This is only a comparison and, like 
all comparisons, it has its great faults. I wish to say further that the view I am 
about to enunciate is simply a hypothesis, the same as all the other theories to 
which I have referred. 
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It is known that we attribute to the discoplasm in the red blood cells the prop- 
erties of a membrane which impedes di£Fusion, or, perhaps more correctly, consider 
the true protoplasm of the blood cell to be such a membrane, which possesses 
among other functions that of preventing the escape of haemoglobin. The lens 
likewise has a membrane, the capsule and epithelium, which prevents the escape of 
its constituents. But there is this difference between them ; each blood corpuscle 
has this device, while the capsule and epithelium perform this function for the 
entire mass of lens fibres. 

If the capsule is opened, or if the epithelial cells are destroyed, fluid, like the 
aqueous, penetrates between the lens fibres, so that not merely single fibres, but 
large masses of them are destroyed, at least in young persons, and when the effect 
is sufficient the entire lens is lost. Another parallelism is this: If the haemo- 
globin escapes from the blood cell and is dissolved in the surrounding fluid the 
physiological function of the cell is extinguished, the blood cell is dead. The 
disintegration of the lens fibre, the cataracta senilis subcapsularis, is nothing but 
a death of protoplasm, although the chain of phenomena is longer and more com- 
plicated. Just as in haemolysis the membrane, or the discoplasm, becomes perme- 
able, so in the development of cataract analogous, abnormal phenomena of diffu- 
sion appear between the lens and the fluid surrounding it. What occasions the 
death of the protoplasm? By what means is the process introduced ? 

A series of phenomena in the pathology and physiology of the blood cells and 
of the lens also may be arranc^ed in parallels. We know that new red blood cells 
are conrtantiy being formed, that others aie constantly dying in the organism and 
that the different ages of the blood cells can be recognized from their varying resist- 
ance to foreign as well as to physiologic influences. Therefore it is positive that the 
blood cell reaches only a certain age and then dies. The different ages of the fibres 
in the lens can be perceived likewise, and we know that the oldest fibres in the 
nucleus can scarcely be spoken of as living cellular structures. Hence the idea is 
not so far fetched that cataract is nothing else than a physiological death of proto- 
plasm, that the life of the lens cell ends sooner in persons with cataract than it does 
in other people. I cannot subscribe to so fatalistic a view. I am convinced that 
the sclerosis of the lens has nothing to do with the subcapsular cortical cataract, for 
in this, the commonest form of senile cataract, those parts of the lens which might 
be termed physiologically dead through the normal process of development, parts 
of the nucleus, are unaffected by the cataractous disintegration, but the seat of the 
disease is in the younger, cortical parts. That these do not show a tendency to die 
at that age is shown by the fact that the lens exhibits remarkable phenomena of 
growth, even in very old age. Lively phenomena of proliferation are met with 
in the epithelium of the lens even when the cataractous process is going on. 

I have always been opposed to the idea that senile cataract is nothing but a 
sign that the predestined life of the lens cells expires sooner in one person than 
in another. We must seek for the cause of the evident death of protoplasm in 
the lens in senile cataract. Perhaps the lens lacks normal nutritive material. If 
we take a blood cell from the vessels of the body it finally dies, even in the best 
isotonic solution, and the lens is still more sensitive, it can survive only a few hours. 
But in my opinion it is doubtful if such a lack of nutriment for the lens in the 
senile organism is sufficiently probable to be considered seriously as the cause of 
cataract. The occurrence of constitutional cataract in early life, when the 
cause is certainly not a lack of nutritive material, makes it probable that it is not 
the sole cause which renders the lens cataractous in these cases. Besides, the nutri- 
tive substances in the blood and juices of the body in old age suffice for the nutri- 
tion of the lens. In addition to this, persons afflicted with cataract do not always 
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present the appearance of marasmus, or of any other condition in which lack of 
nutrition can be considered seriously. It must be that, as the result of senile 
changes, the secretory organ of the eye does not admit sufficient nutriment into 
the intraocular fluids from the blood. Yet the senile changes are met with regu- 
larly in eyes in which cataract is wholly absent. There is hardly a man who 
does not exhibit arteriosclerotic changes in his vessel walls in old age ; still there 
are innumerable old men whose lenses do not become opaque. If the statements 
are correct that in cataract an increased amount of albumin is met with in the 
aqueous, it is not impossible that the albumin comes not only from the lens, but 
also from the blood. In that case the lens may be surrounded by a surplus of 
the constituents of the blood in senile cataract, it may be ovemourished. 

Above all it must be remembered that lack of nutrition alone does not satisfac- 
torily explain the occurrence of opacities. I have here lenses which have remained 
perfectly clear for months in oil, without a trace of nourishment. Therefore I 
find no cogent reason to suppose that the lens has to suffer and become catarac- 
tous from such a lack of nutrition. The idea becomes still more questionable 
when considered from the standpoint of Leber, that the need of nutrition by the 
lens is not great, that it needs additional nourishment only to maintain its growth. 
With a little deficit of the normal increment of nutrition in old age the most 
probable result would be only an abatement of the further growth of the lens. 
The lens may remain perfectly transparent and healthy when there is a deficiency 
of nutritive substances, and it is certain that these cannot be absolutely absent in 
old age. It needs hardly to be mentioned that a slight increase of the normal 
constituents of the blood in the intraocular fluids is not the cause of senile cataract. 
The proof of this is furnished by the fact that opacity of the lens has never been 
caused by the great and long continued abnormal superabundance of such sub- 
stances in the anterior chamber met with after paracentesis, or in iritis. 

We are thus led to the conclusion that the physiological change in the lens 
due to age is not the cause of cataract, that a lack of nutritive substances is not 
the cause, and that an increased admixture of the normal constituents of the blood 
in the surrounding fluids does not produce disease of the intact lens. We will 
first begin to understand this disease when we start from its first clinical symp- 
tom. An increased entrance of water into the lens was the first gross, if I may 
call it such, physical sign. 

Since none of the agents which have been suggested have met with our ap- 
proval, how is it that the cells can be robbed of their power to resist the entrance 
of water .'^ Mechanical injury is. not responsible. The blood cell may be injured 
mechanically, it absorbs water and lets haemoglobin escape. The lens also may 
be injured mechanically, it allows water to enter and a traumatic cataract 
develops, but such influences are not met with in senile cataract. The same 
effect may be produced in the blood cell by a chemical poison much more easily 
than by a mechanical injury. May not the spontaneous development of a cata- 
ract be due to a direct toxic action upon the cells and fibres of the lens ? 

If we are willing and able to regard cataracta senilis thus, not from the points 
of view which have been discussed already, everything is excluded except the ascrip- 
tion of the origin of senile cataract to an injurious action of substances upon the 
lens. This is my theory: TTie subcapsular senile cataract is just as truly a 
metaboUc disease of the lens as, f(yr example, diabetic cataract. The only ques- 
tion is: What kind of substances exert a harmful influence upon the lens? 

The nature of these is wholly unknown to us as yet, and their origin can only 
be known empirically. The possibilities are many, but it will be long before we 
know their chemical reactions. It seems to me just as proper to assume that 
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metabolic products injurious to the lens are present in the organisms of men who 
have senile cataracts, as to assume the presence of such abnormal metabolic prod- 
ucts in diabetes, but to prove it will probably be impossible for a long time to 
come. Not even in the simple poisoning of animals with naphthalin could the 
separate product be demonstrated which must be responsible for the origin of the 
naphthalin cataract. The conditions in the involution of the human organism 
are still more difficult. The opacities frequently met with in the vitreous show 
that the composition of the fluids in an eye with senile cataract is not normal, 
and it may be that in the future the composition of the fluids surrounding the lens 
may be recognized to be abnormal, even without the presence of visible opacities. 
At present we can only inquire what sort of harmful substances they may be. 

The study of haemolysis is again our guide. First we have to consider whether 
there is a large number of sharply defined chemical substances to be taken into 
consideration, and whether there are poisons to the protoplasm of the lens. We 
are acquainted with numerous chemically defined substances which are able to 
dissolve and destroy red blood cells. The fact is very remarkable that the action 
of very many poisons to protoplasm has nothing to do with the conditions of iso- 
tonia. When, for example, dilutions of 1 : 100,000 of certain saponin substances 
quickly change the color of the blood in a physiological salt solution to lake, it is 
evident that with such dilutions a change of the osmotic conditions is not the cause. 
I emphasize this because there may very well be poisons to the protoplasm of the 
lens, the action of which may be wholly independent of the conditions accentuated 
by Peters of an increase of salt in the aqueous. Such poisons to the lens actually 
exist, as is proved by the naphthalin poisoning of rabbits. The action of all these 
poisons to the protoplasm depends mainly on processes of solution, in general ac- 
cordance with the laws that govern the action and distribution of most chemically 
defined poisons. Ransom discovered the fact that in the solution of the red blood- 
cells by saponin the cholesterin of the blood cells receives the poison first, hence 
the toxic action first affects the protoplasm. Perhaps the means of solution and 
fixation through which naphthalin and its products bransmit their toxic actions to 
the lens, may yet be found. 

Whether such chemically defined poisons to protoplasm in the human organism 
play a part in senile cataract is still beyond our knowledge, but we need not 
have recourse to their actions to explain the pathogenesis of cataracta senilis, for 
there are, or at least can be, plenty of other cell poisons in the human blood and 
blood serum. The study of immunity has revealed to us a large class of haemoly- 
sins, which differ from the chemically defined cell poisons in that they enter into 
a true chemical union with certain groups of atoms of the protoplasm. Among 
these are the hsemolysins of the higher plants, those of bacteria, of the lower 
animals, of glandular secretions, and especially of the blood serum. The latter 
only is of interest to us at this place. 

Since Ehrlich and Morgenroth discovered the fundamental fact that only such 
red blood corpuscles are destroyed by the hsemolysins as are able to fix these sub- 
stances, these bodies of the serum have been carefully studied and this point has 
been perfectly proven : The blood serum may contain specific cell poisons to 
foreign species of cells. This fact must be correctly borne in mind, for by it we 
may at least try to form a conception of the pathogenesis of cataracta senilis. 

We are able to increase the haeniolysins of the normal blood serum by im- 
munization. We draw from this, for our conception, that the animal organism 
can contain not only specific cytotoxins formed by Nature and in physiological 
metabolism, but that it can also form an increased number of cytotoxins in re- 
sponse to proper stimulations and under certain conditions, so that its fluids are 
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for a long tin^e inundated with such materials. Inject an animal of species A 
with erythrocytes of species B ; then the blood serum of species A becomes highly 
toxic to the blood corpuscles of species B. This phenomenon becomes still more 
interesting. Ehrlich and Morgenroth have shown that the organism can react 
with the production of specific cytotoxins to the introduction of the blood cells of 
the same species of animals. £Ar/irA treated goats with injections of goat^s blood 
and the animals formed substances which dissolved the blood corpuscles of differ- 
ent goats of the same species. Thus we arrive at our second important proposi- 
tion : The blood serum can contain specific cell poisons not only to cells of other 
species of animals, but to cells of the same species. 

Now comes the most remarkable fact, that these isocytotoxins dissolve the 
blood cells of the same species, but are harmless to those of its own body. This 
law of cytotoxin formation appears with certainty and absolute regularity in 
the destruction of foreign cell material. But as a rule, and this is in my opinion 
perhaps of fimdamental importance for the understanding of the pathogenesis of 
senile cataract, this biological law of antibody formation is interrupted physio- 
logically by the resorption of its own cell material. Ehrlich and Morgenroth have 
shown that ordinarily the serum of goats that have been treated with blood from 
other goats, and even with their own blood, is unable to dissolve its own blood 
cells. Isolysin, never autolysin, is formed. The normal animal organism is thus 
provided with regulative devices which prevent the formation of poisons deleterious 
to its own body cells in the resorption of its own cell material. A large part of 
our body cells are continually being destroyed under physiological conditions. 
In the resorption of this cell material the path is clear for the development of 
autotoxins, according to the laws that govern the formation of antibodies, unless 
regulative devices interfere. As these regulative devices, which limit, or entirely 
prevent, the formation of antibodies in the resorption of its own cell material, 
may take form in the individual case, the idea is not far fetched that occasionally 
they may and must fail. 

Such conditions for the development of autocytotoxins are abundantly present 
in the senile metamorphosis of the human organism. If one will but consider the 
vast transformations that take place in an organism which is becoming, or has be- 
come senile, the changes in the skin, the melting away of the fat, the atrophy of 
organs, especially the involution of the genital organs, and the changes throughout 
the vascular system, he will acknowledge that this regressive metamorphosis may 
very well be reflected in the biological composition of the blood. We know from 
numerous facts in the study of immunity that the serum of the human fcetus differs 
from that of adults. We know in part the bodies which are absent in the serum 
of the child, though present in the blood of its own mother. I mention these 
facts, which may be demonstrated experimentally with ease, only because they are 
best fitted to guard us against the error of thinking that one himian serum is just 
the same as another. I need only refer to the fact that the least infection, even 
when of no serious importance to the life of the organism, suffices to cause in cer- 
tain organs of the body the production of numerous antibodies, which again differ 
from each other. The formation of antibodies is not effected alone by the action 
of bacterial products. Since we know that the introduction of cell materials, even 
*of ordinary food, excites the development of specific antibodies, it is not a bold 
conclusion to assume that such processes may be excited in the organism as it grows 
old by the senile involution of the organs, for what the experimenter excites in 
the animal, when he compels the organism to resorb masses of protoplasm, is the 
existing condition in senile involution. The student of immunity can only won- 
der that in this senile process, which gives so many visible symptoms, not many 
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erave disturbances of cell life are created, unless the symptoms of senile deirener- 
Sion as a whole may seem to be a sufficient disturbaL!^ Everything indicates 
that regulative devices are at the command of the organism in these processes of 
senile metamorphosis, on the function of which depends the length of time it is 
possible for a certain cell complex to continue to live. A part of these regulative 
processes have been recognized by EhrUch in his experiments. It can hardly be 
supposed that the human organism, which does not di£Fer from the animal organ- 
ism as regards the formation of antibodies, should behave essentiallv in a differ- 
ent manner. 

At the present time the substances necessary to the serum diagnosis of syphilis 
are considered to be in part autoantibodies to normal substances of the organism. 
Active immunization has proved with certainty that the human organism can 
form the most various new cytotoxic substances, and amass others in its serum, 
SO it is at least possible that in senile involution antibodies originate in the 
blood which possess a specific affinity for an important constituent of the pro- 
toplasm of the lens. If these can no longer be kept back by the secretory organ 
of the eye, the lens cell may be injured by the fixation of such abnormal products 
of metabolism with corresponding receptors of the protoplasm of the lens, in a way 
analogous to that in which the blood cell suffers through the fixation of the specific 
cytotoxin. It is not necessary that these autocytotoxins should be substances 
which menace organs essential to life. Substances continually circulate in our 
serum which are highly toxic for certain red blood cells, but cannot affect in the 
least our own erythrocytes. The study of immunity, under the guidance of 
EhrUchy has shown that a chemical fixation of the toxin to corresponding groups 
of cells to be poisoned is necessary in all these complicated processes. Only such 
cytotoxins can come into consideration for the lens as possess a specific affinity to 
certain groups of atoms of its protoplasm. This explains the fact that there need 
be no traces of the effect of a cytotoxin anywhere else in the body. That, under 
certain conditions, the entire organism may suffer from such changes in metabolism 
is shown in diabetes, in which the faulty oxidation of the sugar cannot be re- 
sponsible for the cachexia. 

One of the chief merits of EhrUcVs theory of receptors is that it explains 
satisfactorily the specific nature of the antibodies. We know that species of anti- 
bodies set free by cells do not exist, in the sense in which the term is used in 
zoology and botany, but that the specific relations of the antibody exist exclusively 
between the receptors and the antibodies produced by them. Thus I imagine that 
in senile metamorphosis the organism has to undergo a very complicated internal 
process of adaptation. \Vhen the man has passed the acme of his powers, and the 
senile involution of his organs has begun, very minute regulative devices must 
intervene to prevent the formation of noxious products of metabolism. If these 
fail to a greater or less degree, there may appear among these products of meta- 
bolism such as are able to injure the epithelium of the lens. Regressive changes 
in metabolism and cataracta senilis are inseparably associated, and thus the senile 
cataract appears to be a specific metabolic disease of the lens. This conception 
of cataracta senilis as a specific effect of cytotoxin is transferred very easily to the 
constitutional forms of cataract. Such a process seems to me to take place partic- 
ularly in diabetic cataract. Diabetes is a disease in which there is a grave change ' 
in the intermediate metabolism. It is not impossible that both forms of cataract 
owe their origin finally to the same substances. 

In support of this theory it can be shown that the secretory organ of the eye, 
under normal conditions, endeavors to keep c}rtotoxic bodies in the serum away 
from the intraocular fluids. Traces of them appear in the aqueous only when 
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in immunization the blood serum is inundated with such substances, as the 
recent studies of Miya^chita have demonstrated. I have furthermore shown that 
only those antibodies penetrate the capsule and enter the lens for which the proto- 
plasm of the lens cell has a maximal specific affinity. Recently Salua raised the 
objection to this hypothesis that the constituents of the lens which I call receptors 
are not such, but are lipoids. I think differently. The presence of receptors in 
the lens is evident from the discovery of Uhlenhuth that a specific antiserum to 
the albumin of the lens can be prepared, as the formation of such an antiserum un- 
questionably presupposes specific receptors. The experiments concerning anaphy- 
laxis likewise furnish distinct evidence of the presence of receptors in the albumin 
of the lens. This is the present position of my hypothesis concerning the patho- 
genesis of subcapsular senile cataract. It has excited considerable discussion and 
I believe that it will prove fundamental. 

57. Indications and Preparations for the Operative Treatment of 

Cataract 

The operative treatment of cataract is one of the most brilliant features of 
ophthalmology. There is hardly another operation which is so fascinating as the 
extraction of the opaque lens from the eye, and every physician should have the 
opportiuiity to see a blind patient lie down upon the operating table and arise 
therefrom with vision restored. Such skill appertains to the ophthalmologist, but 
it should not be thought that the general practitioner can take no part. It is not 
uncommon for patients with cataract to consult their family physician first, to seek 
advice concerning the prospects of their condition. If they know the nature of 
their trouble, and they often do, they wish to know whether the cataract is ripe 
and ready to be operated on. The general practitioner should be able to give 
them adequate replies. 

The indications that the cataract is ripe accepted by modem ophthalmologists 
are quite different from those required not very long ago. A senile cateract may 
be pronounced clinically ripe when the anterior chamber is of normal depth and 
the cortex beneath the capsule is perfectly opaque. This is the condition in which 
a subcapsular cortical cataract may he extracted most ecusily and completely. For 
this reason surgeons formerly waited for this stage to develop, and some do so even 
now. Before asepsis had entered into the practice of ophthalmology, when a large 
number of eyes that had been operated on wei*e lost as the result of suppuration in 
the wound, a surgeon was constrained to introduce instruments into the eye as 
little as possible. He rightly chose to operate at a time when the cataract could 
be extracted best, and a subsequent intervention, was least to be expected. This 
standpoint has been materially changed under the revolutionizing influence of 
antisepsis and asepsis, by which the dangers of infection have been diminished 
materially, so that sterile instruments may be introduced repeatedly into the eye, 
provided that the introduction is properly performed. Therefore it is possible 
for the skillful operator to remove particles of lens matter, which were not expelled 
with the delivery of the lens, and to perform later a second operation, when neces- 
sary. Hence it is no longer needful in any given case to await clinical ripeness 
of the lens, for the operation may be performed at an earlier stage. 

In many cases the idea that the mature cataract is the easiest to remove com- 
pletely is only an antiquated theory. Even the most skillful surgeon cannot 
prophesy with certainty whether a ripe cataract can be extracted in toto so 
smoothly as to render a subsequent operation unnecessary. Many accidents can- 
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not be foreseen, and the development of an after cataract cannot be prevented with 
certainty. A secondary cataract may develop years afterward in an eye on which 
a faultless operation has been performed. The diagnosis '' senile cataract^ ^ also 
includes several different forms which come under treatment in old age. 

It was well known to the older generations of ophthalmologists that certain 
forms, such as cataracta nigra, cataracta nuclearis and cataracta punctata, often 
could be extracted completely when they were not ripe. 

An important social and ethical reason should not be underestimated. Vision 
is very frequently impaired by the nature and situation of the lenticular opacities 
so that the patient is incapacitated for work before the cataract has become ripe, 
and we should not needlessly leave such an unfortunate person in the torture of 
uncertainty because of an antiquated clinical conception. In former years many 
patients passed away with their hope of a restoration of light to their eyes un- 
fulfilled. 

If the vision is impaired so that the patient is unable to work, and the prog- 
nosis is justified that vision can be adequately restored by extraction of the lens, 
the cataract is ready for operation. 

To determine whether a good prognosis is justified, an examination must be 
made after the vision has been tested to learn whether the retina, which lies hidden 
behind the cataractous lens, functionates normally. In the normal course of 
events in senile cataract the retina retains perfectly its power to react, and even 
when it has received no distinct images for years the eye can regain normal vision 
immediately after removal of the lens. 

The patient should be able to perceive the light of a candle in a dark room 
even when the lens is perfectly opaque, and should also be able to tell from what 
direction the light comes when its source is situated excentrically. This examina- 
tion may be made with the simplest means. An ordinary kerosene lamp may be 
placed at one side of the patient and turned as low as possible, so that on covering 
and uncovering the eye he can perceive but the slightest glimmer of light. Then 
when light is thrown into the eye by means of the ophthalmoscope the patient should 
indicate promptly the direction from which the light enters the eye. In the clinic 
this procedure may be refined by means of the electric light and a photometer, 
but this test of light perception and localization may be made in the office of a 
coimtry practitioner, and when he has foimd the condition to be satisfactory he 
can advise that the operation be performed, so far as intraocular conditions are 
concerned. 

The ophthalmologist must still make some restrictions. A functional disturb- 
ance of the retina and optic nerve is not absolutely excluded even when the light 
perception and localization of an eye with a perfectly opaque lens appears to he 
normal and prompt. A senile degeneration of the macula, which can be detected 
only by a close ophthalmoscopic examination, is not infrequently met with in old 
people. This is an incurable disease of the retina that is characterized by the 
presence of yellow spots with or without increase of pigment. The gravity of 
the visual disturbance often is in striking contrast with the insignificance of the 
ophthalmoscopic changes. In cataract the fundus is not visible and such an 
affection of the retina may escape detection. Every ophthalmologist knows of 
cases in which after a perfect operation for cataract the vision remained essentially 
impaired by such changes in the macula, and both physician and patient suffered 
a bitter disappointment. 

In the same way the ordinary clinical examination of light perception and 
localization may fail to detect a small, central spot of chorioretinitis, or a small 
retinal hemorrhage. Methods have naturally been sought for by means of which 
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to test more accurately the operability of a cataract. Pagenstecher proposed to 
try the entoptic perception by patients of Purkinje^s cross cobweb figvire. In an 
intelligent patient with senile degeneration of the macula, who later developed 
cataract, I was unable to obtain any information concerning the foveal vision by 
this test, and therefore abandoned it. I hardly think it is used to any great 
extent. 

Even a commencing atrophy of the optic nerve may escape detection by this 
examination. It is only when the cataract is not yet ripe, and the vision can be 
tested by means of stenopaeic slits, that it can be learned whether the central area 
of the retina is probably intact. 

Extraction of the cataractous lens may still be advised, even when the result of 
the test of light perception and localization is not perfectly satisfactory. Even if 
the macula is not intact, the enlargement of the visual field and the restoration of 
peripheral vision may be of good service. Eyes which have undergone intraocular 
inflammations, especially iritis and iridocyclitis, may be operated on successfully 
and many Complicated cataracts may be removed with good results. An iritis 
which has run its course is no contraindication to the operation. 

When the indications on the part of the interior of the eye are favorable, and 
the patient consents, there still remain many things to consider which relate to a 
careful preparation for the operation. The patient, the instruments and the 
surgeon himself must be prepared. We will begin with the patient. 

First a bacteriological examination should be made of the conjunctiva of the 
eye to be operated on. Unfortunately the field of operation in the eye can never 
be subjected to so thorough a sterilization as is practiced in general surgery. 
The normal conjunctiva harbors a number of microorganisms, but it should not 
be left to chance whether the wound becomes infected or not, for modem bacteri- 
ological research has shown the way in which we can at least try to prevent as far 
as possible the danger of infection. The first step is to inform the operator concern- 
ing the condition of the field of operation. This is ignored in no eye clinic con- 
ducted on modem principles. The information must be adequate for the clinical, 
practical purpose. Our procedure is as follows : After the patient has been ad- 
mitted and has received a bath, an assistant takes cultures from the conjunctival 
sac of the eye to be operated on in two tubes, one containing Loeffier^s serum, the 
other serum agar. The next morning the cultures are examined. Anyone with 
sufficient experience can recognize the colonies macroscopically ; in case of doubt 
slides may be prepared for microscopic examination. Beginners need to take 
more time. In this way the bacteriological condition of the normal conjunctiva 
is determined at least more accurately than when only a cover glass is prepared 
from the conjimctiva. When any inflammation is present its cause may be learned 
by the cover glass examination along the lines laid down by Axenfeld and others. 
In such cases we do not operate until the conjimctival disease has been cured. 
Even when the conjunctiva is apparently normal, the germs present in the field of 
operation should be investigated, and for this purpose the culture is the best means. 
Bacteriological researches, in which Axenfeld has borne a prominent part, have 
shown that in most cases the normal conjunctiva contains no virulent agents of in- 
flammation, but that occasionally it does contain a small percentage of them. 
This agrees with the long recognized clinical fact that the normal conjunctiva 
is comparatively exempt from danger of infection. Otherwise it could not be 
understood how the loss after operations for cataract was only about 10% before 
the days of antisepsis. The eye is a part of the body in which the danger of in- 
fection is comparatively slight. Only xerosis bacilli and nonpathogenic white 
staphylococci are met with in the healthy conjunctiva, and if such is the bacteri- 
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ological condition of a cataractous eye on the morning of operation we can usually 
proceed without apprehension. If suspicious germs are present the operation is 
delayed until the condition has been restored to normal, under treatment. 

But the conjunctivae of patients with cataract are not always normal. Dis- 
eases of the lacrymal passages are very common, especially in the laboring classes, 
and these form the gravest source of danger to an eye that has been operated on 
for cataract. Hence the lacrymal passages must be examined carefully in eveiy 
case. I no longer rely on the conservative treatment of lacrymal disease before an 
operation for cataract, chiefly because of the results of bacteriological exami- 
nations. It can hardly be, when the discharge from the lacrymal sac is no 
longer piuailent, but mucous, or aqueous, that the danger to the eye has been re- 
moved, as many have supposed, because virulent pneumococci can be demonstrated 
readily in many cases in which the secretion has not been purulent for a long time. 
Like many others I prefer to extirpate the lacrymal sac prior to the operation. 
Even then the extraction should not be performed immediately, but should be put 
off, sometimes for several weeks. Clinical experience, as well as the researches of 
Plant and Zelewskiy has shown that the danger of infection from the conjunctiva 
ceases some weeks after the extirpation of the sac. The time for extraction should 
be determined in each individual case by bacteriological examination, for the 
rapidity with which the conjunctivitis associated with dacryocystitis retrogresses 
differs in different cases. As we know that the pneumococcus is a most dangerous 
fiend :n postoperative infections of the eye, such patients receive an injection of 
pneumococcus serum twenty four hours before operation, in order that every pre- 
caution may have been taken. No patient with a serious blepharitis, or other 
morbid condition of the conjunctiva, is subjected immediately to operation. 

When conditions are normal the patient is to be prepared for operation. 
These preparations differ widely in different countries and in individual clinics. 
They are frequently excessive, not rarely insufficient. The golden mean is best. 

There are surgeons who direct that before operation all the lashes shall be 
pulled out, that for whole days the margins of the lids and the conjunctiva shall 
be treated with antiseptics, that even the normal lacrymal sac shall be washed out 
repeatedly, that the pimcta lacrimalia shall be occluded by cauterization, or by 
ligature, etc. That good results are obtained by such an operator, in spite of this 
maltreatment of the eye, speaks well, not for his skill, but for the power of resist- 
ance of the human eye. Nothing of this sort is to be seen here, or with most 
surgeons. If the cultures show a normal condition of the conjunctiva we operate 
in the morning. I cleanse the neighborhood of the eye with soap and water, then 
with benzin, and then cover the eye with Fucks'* wire shield, beneath which the 
patient can move his eye about freely. Before the operation the eyes should be 
kept as nearly as possible in their natural condition, in particular the closure of 
the lids should be performed in a normal manner. I lay weight on this point, 
for the closure of the lids takes an important part in the physiological self cleans- 
ing of the eye. It has been established through numerous bacteriological researches 
by Bachj Bemheim^ Morax^ Dalen, Martheriy and others, that the number of germs 
in the conjunctiva is materially increased after occlusion of an eye by a bandage 
for twenty four hours. The tears are not conducted away, the temperature in the 
conjunctival sac is raised, the mucous membrane becomes hjrpersemic. All of 
these factors favor a multiplication of the bacteria. There is no need of produc- 
ing this increase of bacteria in the field of the operation that is to be performed. 
It is self evident that the danger of infection in a not perfectly sterile field be- 
comes greater if the number of bacteria present becomes larger. Therefore away 
with the bandage b^fbre the operation. Its importance after the operation is quite 
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di£Ferent from the bacteriological point of view. The patient wears the protective 
screen day and night. In the morning the eye is examined again and if it is free 
from irritation the operation is performed. 

58. Extraction with Iridectomy and Extraction with Preservation 

of the Round Pupil 

When the cultures show that the condition of the conjunctiva is normal, and 
there is no secretion in the eye covered by the screen, we may operate without ap- 
prehension, if we take care on our part that no danger of infection shall threaten 
the wound. 

The technique of the preparation of the instruments varies more or less in 
almost every clinic. Our method is to boil blunt instruments in a i% solution of 
soda, dry them thoroughly with sterile towels and lay them out covered, ready 
for use. I lay special stress on the dryness of the instruments, particularly of 
those which are to be introduced into the eye. 

In many clinics the instruments are placed in antiseptic solutions from which 
they are taken and directly used. However carefully they may be handled suffi- 
cient quantities of the antiseptic adhere to them, as any chemical test will demon- 
strate. Sometimes it remains on them in the form of drops. If such instruments 
are introduced into the eye a portion of this chemical poison must come into con- 
tact with the sensitive tissue, and I am convinced that this circumstance promotes 
many postoperative irritations. With dry instruments, which have no trace of 
such an antiseptic as carbolic acid upon them, this danger is certainly avoided. 
The only reason why instruments are placed in antiseptic solutions after they have 
been boiled is to prevent subsequent contamination with infectious germs. Such 
germs can come only from the air, or from our hands, or other parts of ourselves, 
to reinfect the instruments, but infection from the air does not occur and furnishes 
no reason for sterile instruments to be placed in an antiseptic solution. There re- 
mains only the danger that we will reinfect them ourselves. It is not difficult for 
ophthalmologists, who need not touch the wound in the eye with their hands, to 
avoid this danger. No one can infect dry instruments if he thoroughly sterilizes 
his hands and arms and then dries them on a sterile towel. Anyone who insists 
on having his instruments in an antiseptic solution should take them out with 
sterile forceps. 

Cutting instruments likewise should be absolutely dry, but they are to be pre- 
pared differently. They are not boiled, but placed in absolute alcohol for two 
hours before and immediately after the operation. Shortly before the operation 
they are removed from the alcohol, rinsed off with sterile salt solution and dried 
with sterile towels. 

I am convinced beyond a doubt that boiling for even a short time dulls the 
edge of our delicate knives and scissors. In making the section it can be recog- 
nized whether the cataract knife has been boiled or not, and I do not question 
that more complications ensue when dull instruments are used. It is an old maxim 
of surgery that the sharper the knife, and the less the tissues are bruised, the bet- 
ter are the conditions for healing. Next to dryness the most important precept 
in the immediate preparations for a cataract operation is faultless sharpness of the 
cutting instruments. All instruments are to be touched only by a nurse wearing 
sterile rubber gloves. Through these precautions only faultless instruments 
which have been properly prepared come into contact with the eye. 

The preparation of our hands is rapid in comparison with what is the rule in 
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general surgery. After putting on a sterile gown we scrub our hands with soap 
and water for only five minutes, then rinse them off with alcohol and then with 
sublimate solution. The modem general surgeon washes himself for half an hour 
before an operation. We have an advantage over the general surgeon in that we 
never touch the eye with our fingers during an intraocular operation, and so less 
time may sufiice for us, at least when the operation is confined to the eyeball. The 
final error of seizing an instrument while the hands and arms are dripping is easily 
avoided. It is very difficult, if not impossible, to sterilize the entire arm with 
absolute certainty, and the fluid dripping from the arm may carry with it germs 
which have been loosened by the washing from an incompletely sterilized area. I 
have convinced myself by experiment that in this way infectious germs may spread 
with great rapidity to the wet arm and instruments and so be carried directly into 
the eye. In sitch experiments it is of interest to note that the subUmate solution 
on the arm is not at all able to hill the germs in the short time at its disposal. 
Although such an occurrence may be infrequent, this is a danger which should be 
avoided. It is avoided when the siu-geon dries his hands on a sterile towel after 
the usual sterilization and operates with dry, sterile instruments, a subsequent 
infection of which is thus prevented. There still remains the one danger to 
the eye incident upon the imperfect sterility of the field of operation. Unfortu* 
nately this cannot be completely overcome. The certainty tha.t the hands are 
sterile may be enhanced by wearing sterile rubber gloves, but these are unnecessary, 
because no germs can flow from the dry hands upon the instruments, and the eye- 
ball is not touched by the hand. Besides, rubber gloves impede the delicate 
movements of the hand, at least according to my observation and experience. 
They cannot rightly be adopted in ophthalmic surgery. 

I deviate also from the customs of general surgeons in wearing no mouth pro- 
tector, or covering for the head. The wounds made in the eye are very minute, 
in comparison with the large ones usually dealt with in general surgery, the oper- 
ations are of very short duration and during them prolonged speech is unneces- 
sary. The experiments that have been made to illustrate the danger of infection 
of wounds of the eyeball from anything dropping in are open to serious criticism. 
The danger may be said not to exist, in comparison with that from the conjunctival 
sac itself. 

It is a great advantage to elderly people that the operation for cataract is per- 
formed under local anaesthesia, as tiiey are thus able to avoid the complications 
and sequelae of general anaesthesia. Several drops of a sterile 4% solution of 
cocain are instilled at intervals into the conjunctival sac. The patient is then 
covered with sterile towels, leaving only his eyes exposed, after the environs of the 




Fig. 25.— Hess* Blepharostat 

eye have been cleansed again with soap and water. I do not touch the lids my- 
self, that I may keep my hands perfectly free from the possibility of contamina- 
tion ; an assistant introduces the blepharostat, which is not touched again during^ 
the entire operation. 

This blepharostat was devised by Hess. A small piece of gauze, cut in the 
proper shape, is secured between its arms so that, after the instrument has been 
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placed in position, the lashes and lids are covered, and these breeding places of 
bacteria cannot be touched by the instruments, or by the hand of the operator. 

The conjunctival sac is then washed out with fluid at the temperature of the 
body, in order to try to remove some of the bacteria and cast off epithelium. It 
has been disputed whether an antiseptic, or an aseptic fluid is the better suited for 
this purpose. It cannot be imagined that the sac, or even a small portion of the 
conjunctiva, can be rendered free from germs by washing it off with a 1 : 5,000 
solution of sublimate. Such an idea is contrary to the results of culture experi- 
ments. The danger of the entrance of pathogenic germs into the eye is not re- 
duced by this antiseptic irrigation. The proof of this is that if the conjunctiva is 
examined some hours after such an irrigation, the bacteria found are quite as 
numerous as after an irrigation with a nonantiseptic fluid, and the results obtained 
by those who prefer aseptic solutions are just as good as those obtained by others. 

A sterile, physiological salt solution (0.85%), at the temperature of the body, 
is sufficient. I have no doubt that the irrigation excites a b'ansient irritation of 
the mucous membrane, which, by its consequently increased supply of blood and 
nutritive material, favors the primary healing of the wound, but its intensity must 
not exceed certain limits. Such biological limits may be exceeded more readily 
with chemical poisons, so I prefer, for this reason also, to use salt solution. The 
comparatively indifferent sterile boric acid solution may be employed. 

Silence is maintained so far as possible during the operation. The patient is 
directed to look downward continually, as the section is usually made upward at 
the present day. 

Demonstration of Extraction with Iridectomy and of Extraction with a 

Round Pupil 

This operation for senile cataract is known as the flap extraction. The first 
act is the section. After the eyeball has been seized with fixation forceps at the 
lower limbus and the patient has been directed to look downward, a narrow 
Graefe knife, with its edge directed upward, is introduced at the limbus and passed 
without delay through the anterior chamber to the place of counterpuncture, which 
is situated in the limbus exactly opposite the point of entrance. This straight 
line divides the upper third from the lower two thirds of the cornea. After the 
coimterpuncture liie section is completed upward in such a way that the incision 
in the cornea lies wholly in the limbus. As soon as the incision in the cornea 
has been made the knife is raised and a flap 8 to 4 mm broad is cut from the con- 
junctiva. This flap is of importance because it promotes the rapid closure of the 
wound and protects it from secondary infection. The second act is the iridec- 
tomy. The conjunctival flap is laid back upon the cornea, a closed pair of iris 




Fig. 216.— Hess' Lens Scoop. 

forceps is introduced and allowed to open in the eye, the pupillary margin of the 
iris is seized, drawn out of the wound and excised with scissors. The third act is 
the laceration of the anterior capsule. A closed capsule forceps is introduced, 
allowed to open, as large a piece as possible of the capsule is seized, torn away 
and removed. This clears the way for the escape of the lens. The fourth act 
is the delivery of the lens. A slight pressure is made backward and upward 
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upon the lower part of the cornea with Daviers spoon, the wound gapes more and 
more, and the lens escapes from the eye. The fifth act is the toilet of the eye. 
Portions of the lens that have been left behind are removed from the anterior 
chamber with the lens scoop, the iris is replaced with a spatula so that the comers 
of the sphincter are situated deeply, and the conjunctival flap is stroked down into 
position. 

If it is proposed to preserve a round pupil the iridectomy is omitted and the 
lens is expelled through a pupil which has been previously dilated with atropin. 
A so called peripheral iridectomy may be made after the extraction of the lens 
by seizing the iris in its ciliary portion and by making so small a peripheral 
coloboma that the sphincter, and consequently a round pupil, is preserved. After 
extraction without iridectomy a prolapse of the iris is apt to occur and to form a 
serious complication. The peripheral iridectomy acts as a safety valve to lessen 
this danger. 

The patient is carried from the operating table to his bed by means of a suit- 
able carriage. 

59. After Treatment and the Normal Healing of the Wound After 

an Operation for Cataract 

The enormous extent of the branches of medicine and the demands made on a 
physician at the present time do not permit much study of the history of medicine, 
yet we ail stand on the shoulders of our predecessors and only he who knows the 
historical development of his specialty can perceive the aim of the mighty forward 
movement of our science. Details of medical history are unsuited for a clinical 
lecture, so it will suffice to say that up to the middle of the eighteenth century 
reclination of the lens into the vitreous was almost the only operation performed 
for cataract. Various methods were employed. That used by Celsus was to 
depress the lens into the vitreous by means of a suitable needle. WilUmrg^ 
1785, turned back the cataractous lens about a horizontal axis. By another 
method the lens was turned so that its anterior surface was directed toward the 
glabella frontis. The introduction of the needle through the cornea was called 
keratonyxis, that through the sclera scleronyxis. Itinerant couchers, who per- 
form this operation, are still to be met with in many countries. There is some- 
thing rather attractive about this quickly and easily performed operation, it 
restores vision at once and seems to need no after treatment. 

But the lame messenger follows extremely often. Malignant cyclitis, or 
secondary glaucoma from the pressing forward of the iris, develops very frequently. 
Sometimes the lens that has been couched reappears and may even become luxated 
into the anterior chamber. More often the capsule of the lens is lacerated and 
all the complications of a traumatic cataract develop. The results were corre- 
spondingly unsatisfactory. As many as 40% of the cases were observed to result 
in blindness, and the uncertainty of the procedure has been demonstrated later by 
experiment. The modem ophthalmologist employs reclination very rarely, and 
there are but few indications that justify its use. 

In 1752 Jean Jacques Daviel demonstrated that the opaque lens could be re- 
moved through a semicircular incision in the cornea, and his method of extraction 
prevailed for over a hundred years. In 1865 Albrecht v. Graefe transformed the 
procedure by the perfection of the modified linear extraction. The advance made 
by DarneVs extraction was enormous, but still about 10% of the eyes operated on 
were lost as the result of infection of the wound. A. v, Graefe reduced the loss 
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to from 2 to 4%. He considered the approximately linear form of the section to 
be of prime importance, but we know now that the more favorable course of heal- 
ing was due to the fact that the section was placed in the vascular limbus, so that 
the danger of infection was reduced. Since his time thousands of works have 
dealt with the cataract operation, which has been modified in many ways, but yet 
today we remain his pupils. Few of our teachers still live to tell enthusiastically 
of the time when surgeons came from all countries to Albrecht v, Graefe to be 
taught the new operation for cataract. May the names of Jean Jacques Daviel 
and Albrecht v. Grarfe ever be held in remembrance. 

After treatment begins the moment the operation is completed. The first act 
is to bandage both eyes. The eye that was not operated on is covered with our 
usual wet dressing, while over the other is secured a sterilized metal capsule with a 
central aperture, beneath which the patient can open his eye easily when he so de- 
sires. During the preparation for the operation the bandage was discarded in 
order that the eyes might move normally, but after the operation both eyes are 
covered and the patient is directed to keep his eyes closed *' gently as if asleep. ^^ 
It is an old surgical maxim that if two fresh wound surfaces which cannot be 
sutured are to adhere and unite without displacement, or other complication, care 
must be taken that they can rest upon each other at first, and be disturbed as little 
as possible. After an operation for cataract the healing of the wound is promoted 
by keeping the eyes as quiet as possible, and it was shown experimentally by 
Clarke in 1899 that movement of the lids retards the closure of the wound. If 
our patients could promise not to move the eyes for several hours after an opera- 
tion for cataract we would have the most auspicious conditions for the healing of 
the wound, but, when awake, the most iron will is imable to comply perfectly 
with such a demand. 

Fortunately absolute quiet is not necessary ; it is sufficient if the eyes are kept 
gently closed as long as possible after the operation. This is proved by the fact 
that a good recovery may take place when the eyes are left completely bare. 

There are surgeons who leave the eye without any protection or dressing after 
an operation for cataract ; they are the most extreme advocates of the so called 
'*open wound treatment.''^ I cannot consider this an advance in operative 
ophthalmology ; on the contrary I am convinced that normal healing in any given 
case is not in consequence of the open wound treatment, but in spite of the imper- 
feet treatment, for these operators neglect completely an important factor in medi- 
cal skill — ^the psychical effect upon the patient. 

We do not cover the eyes of our cataract patients immediately after the oper- 
ation, because we believe that the bandage presses the margins of the wound 
together, as is sometimes thought. Such a thing is physically impossible. We 
cannot apportion the pressure of the dressing uniformly and only upon the two 
margins of the wound, and, if we should make pressure upon the eyeball, which 
may be compared to a sac filled with fluid, the wound would gape. Neither 
do we believe that the dressing can maintain an absolute, mechanical quiet 
of the eye. Even the quietude of the eyes when both are bandaged and no 
attempt is made to see is very incomplete. We bandage both eyes in order to 
secure an undisturbed healing of the wound by impressing upon the patient a 
consciousness that, in spite of the absolutely painless operation, he must consider 
himself ill for a few hours, if his eye is to get well. The occlusion of both eyes 
forms a constant monition. If the patient forgets the instructions he has received 
to keep the eyes gently closed, ^^feeUng of the dressing is an ever present 
reminder to keep them quiet. Hence the primary effect of the dressing ia 
psychical. 
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Bacteriological considerations have led many operators to the so called open 
wound treatment, but this fear of the multiplication of germs beneath the dressing 
is unfounded. 

Whether the surgeon bandages, or does not bandage the eye the wound usually 
heals in the presence of and in spite of an abundant bacterial flora in the conjunc- 
tival sac. The question of infection depends not only on the presence of the 
morbific agent, but also, and chiefly, on its infectiosity and the condition of the 
organism. There is no doubt that many infectious germs come into contact with 
the wound and are overcome. Moreover, there is no multiplication of germs 
beneath the dressing during the time which is critical for the wound. The num- 
ber of bacteria in the conjunctival sac does not increase for several hours, usually 
twenty four, and by that time, in the normal course of events, the fate of the eye 
has been decided, so far as primary infection of the wound is concerned. Fortu- 
nately, when the course is normal the multiplication of bacteria in the conjunc- 
tival sac comes too late to do injury. 

At the first change of dressings, on the afternoon of the day of operation, a 
small quantity of mucous secretion may be found in the conjunctival sac and be- 
tween the margins of the lids of our patient. This secretion, which has been 
termed cocain mucus, met with in the conjunctival sac five or six hours after the 
operation, contains bacteria, and yet the wound is closed, the anterior chamber re- 
stored and the eye unirritated. In order to understand why the wound heals so 
smoothly in spite of the presence and increase of germs in the conjunctiva, it is 
necessary to study the process of healing more closely. 

To examine the eye twenty four hours after the operation I lift the upper lid very 
carefully until the region of the woimd comes into view. The conjunctival flap 
is then seen to be slightly reddened and somewhat swollen. This redness and 
swelling lasts for only a few days and disappears when the union has become firm. 
The cornea is clear, except that in one patient there are some slight opacities on 
its posterior surface, which are due to the fact that the scoop, with which I removed 
the remains of the lens from the eye, injured somewhat the endothelium of the pos- 
terior surface of the cornea. These opacities are not serious, the rapid regenera- 
tion of the endothelium will cause them to disappear and leave no trace in from 
twenty four to forty eight hours. 

Sometimes striae may be seen extending from the wound into the cornea* 
These were formerly thought to be inflammatory, and the condition was called 
stnped keratitis until Hess demonstrated that they were only minute folds in the 
deepest parts of the cornea and Descemefs membrane. After the operation the 
curvature of the cornea is diminished in the vertical meridian, so that the cornea is 
pressed together somewhat in the horizontal meridian and produces these folds. 
The prognosis of these striae is good, they usually disappear in two or three weeks. 

The anterior chamber is restored and is frequently rather deep. The centre 
of the pupil is black, with gray remains of the lens on each side. These few cases 
cannot illustrate the manifold pictures met with after an operation for cataract. 
Sometimes there is absolutely no secondary cataract, in other cases the pupil is 
filled with swollen masses. Small collections of blood may be seen in the anterior 
chamber immediately, or soon after the operation. 

What strikes the observer most forcibly is the fact that the eye has adapted it- 
self in so short a time to the changed conditions, so that its form appears to be un- 
changed. The loss of aqueous and the extraction of the lens suddenly diminishes 
the volume of the eye from ^ to iV« In rare cases the tension of the eye is so 
high that the lens is extruded as soon as the section has been made. 

More often, especially in very old people, the opposite condition prevails. 
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The cornea may lie in folds, or form a funnel shaped depression, and even the 
sclera may be longitudinally folded. Then we have to deal with an unusual 
rigidity of the sclera, which may be noticed when the section is made. Even 
under such conditions the eye refills very soon and the anterior chamber is restored. 
This fortunate adaptation of the eye to the changes produced by the operation de- 
pends upon two facts. An increaised and rapid secretion of the intraocular fluid 
is induced by the reduced tension and for a time the aqueous is abnormally rich 
in albumin, while many different antibodies pass from the blood serum into the in- 
traocular fluid. At the same time a surprisingly rapid luting of the margins of 
the wound provides that the filling of the eye shall be permanent. The lens has 
hardly been extracted and the patient put to bed before the luting of the wound 
begins. This prevents a secondary entrance of infectious germs into the eye, so 
the woimd heals perfectly undisturbed, in spite of the germs in the conjunctival 
sac, and gets well in the overwhelming majority of cases. 

The groimd substance of the cornea in the middle portion of the wound first 
becomes luted together by a fibrinous network. The corneal lamellae in the 
neighborhood of the margins of the incision are rather swollen, while above and 
below the margins of the wound are separated. This swelling facilitates the 
primary occlusion. The epithelium of the cornea on each side begins to creep 
down into the wound, so that in from six to twelve hours the gap between the an- 
terior lamellae of the cornea has been coated over. It becomes filled in by the 
epithelium to the level of the cornea in from twenty four to forty eight hours. 

It is not yet certain how the corneal epithelium accomplishes this. One con- 
<;eption is that the epithelium is displaced into the wound by a sort of amoeboid 
movement in its neighborhood. Another view is that tiiere is a lively new 
formation of epithelial cells by direct division. These two processes may be 
combined. At all events this rapid filling up of the wound is one of the most 
important factors in the prevention of postoperative infection. This epithelial 
cone is lifted up more and more as healing progresses, numerous cells in it de- 
generate and are replaced by new ones, until finally, about fourteen days after the 
operation, the epithelium over an unirritated wound can no longer be differen- 
tiated from the normal epithelium in the vicinity. In the meantime a lively pro- 
cess of healing has been taking place in the parenchyma of the cornea about the 
cut lamellae, which leads to an intimate adhesion of the margins of the wound. 
At first many cellular elements are to be met with in the neighborhood, but at 
the end of three weeks the parench3rma has returned completely to its normal state. 
Bofwman's and Descemefs membranes are not regenerated. 

After treatment need not continue until the eye is thus anatomically healed. 
This is creditable to modem ophthalmology and a blessing to the patients. 

In the sixties of the last century the dogma was taught to leave the dressing 
over both eyes undisturbed for three days. Today one eye is left bare at the end 
of twenty four hours and the benefit of changing the dressing a few hours after the 
operation has been demonstrated. 

Above all patients are no longer kept in dark rooms, which have been responsi- 
ble for many psychical and pulmonary affections. Our patients get up twenty four 
hours after the operation and sit quietly in a chair. Occasionally they may be led 
carefully about the room. After the wound has become well closed and the an- 
terior chamber restored we need provide only that the patient does not subsequently 
infect his eye. The eye is washed carefully with boric acid solution morning and 
night, and the patient wears a Fucks'' shield for eight or ten days after the opera- 
tion^ that he may not touch his eye inadvertently or otherwise. Then for a while 
the eye is left bare during the day and the shield is worn only at night, because ex- 
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perience has shown that it is not uncommon for a. patient to interfere with bis eye 
during sleep. That the food of the cataract patient should be easily digestible 
hardly needs to be mentioned. When the course of healing is normal the slight 
injection of the conjunctiva about the wound disap- 
pears in a few days. In exceptional cases there is an 
increased secretion from the conjunctiva which needs to 
be treated with mild washes and astringents. 

The duration of the after treatment varies in dif- 
ferent institutions and should be according to the in- 
dividual case. We keep our patients under clinical 
treatment fourteen days on the average. If both eyes 
are to be operated on the entire treatment lasts three 
weeks, as I am accustomed to operate on the second eye 
eig^t days after the first. When the patient is dis- 
charged it is best to advise him to be careful for several 
weeks and in particular to avoid stooping and lifting, 
Pio. 37. - Puek»' Shield. in order that the wound may not be burst open. 

What has been said concerning the after treatment 
of eyes which have been operated on for cataract applies more or less to the after 
treatment of other intraocular operations. 

60. Complications During and After the Operation for Cataract 

Our skill has certain limits and our hopes fail to be accomplished. It is right 
that you should be acquainted not only with the successes, but also with the dis- 
appointments of your teacher, that you may not be too downcast by misfortune. 
For this reason 1 show you today a case in which, after a perfecUy performed 
extraction, a purulent infection occurred in the wound and has advanced so 
tempestuously and steadily that the eye must be removed. Purulent infection of 
the wound is not the only complication with which we have to deal, and I will take 
this opportunity to discuss them briefly. 

Complications During the Operation for Cataract 

lliese may be divided into accidents for which the operator himself is partially 
responsible, and those caused by an abnormal behavior on the part of the eye, or 
of the patient. 

If ttie section is too small the delivery of the lens will be difficult, if not im- 
possible. The size of the section is determined primarily by the age of the 
patient, for the lens continues to grow untilextreme old age. Above all sufficient 
space must be allowed for the nucleus. In this respect practice makes perfect 

The escape of the lens is difficult when the capsule has not been opened sufB- 
ciently. It should be borne in mind that the capsule may be thickened in hyper- 
mature cataracts. 

The pressure to be made upon the eyeball must be adapted to the conditions 
present. The zonule may be ruptured and vitreous may be caused to prolapse by 
forcible attempts to deliver the lens. Vitreous is particularly liable to escape 
when the patient makes awkward movements and squeezes his lids together. 
In shrunken, hypermature, or otherwise complicated cataracts, the zonule may 
be defective before the operation and rupture easily, so as to allow an escape of 
vitreous. In all such cases further pressing upon the eyeball is contraindicated ; 
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the lens must be removed by means of a suitable instrument, such as Weber'^s loop, 
or Retstnger'^s double hook. 

Vitreous that has prolapsed during the operation should be cut away with 
scissors, and the iris should be replaced carefully; the latter procedure is difficult. 

When there is a special abnormality of the eye and of the zonula the lens may 
be dislocated into the vitreous, but this seldom happens. 

Complications After the Extraction 

The most frequent, but also least serious, complication after the extraction is 
the simple bursting open of the wound. This is often caused soon after the 
operation by unquiet behavior on the part of the patient, especially by cough- 
ing, sneezing, stooping* or lifting, which may induce a sudden increase of the 
intraocular tension, but it may happen after the lapse of several days as the 
result of a blow upon the eye that has been operated on. In such cases the patient 
himself feels a stream of warm fluid flow out of the eye. 

When nothing else has happened in the eye we find the anterior chamber 
empty, the tension extremely low, some hemorrhages beneath the conjunctival flap 
and frequently a fresh hemorrhage in the anterior chamber that has come from 
the region of the wound. 

Fortunately such a simple reopening of the wound is not ordinarily followed 
by grave consequences ; the anterior chamber is quickly restored and the hemor- 
rhage in it is resorbed. But every surgeon meets with cases in which the anterior 
chamber will not reform for days, and the wound remains a fistula for a while. 

Cases are also met with in which the closure of the wound is retarded from the 
first, and when the conditions are unfavorable it may not close for weeks. The 
reason may be that the margins of the wound are not properly coapted ; frequently 
particles of lens fibres, threads of vitreous, or, more commonly, bits of the lens 
capsule lie between the margins of the wound and act like foreign bodies to pre- 
vent agglutination. 

The patient needs only to be kept quiet, especially at night, with a hypnotic, 
like veronal. All pressure on the eye by means of a dressing is to be avoided, 
the protection afforded by the shield is sufficient. In cases of long continued 
primary delay of closure the wound should be reopened, investigated thoroughly 
and, under certain circumstances, closed with sutures. Some surgeons cauterize 
the wound, or stimulate it with tincture of iodine. It is worthy of note that this 
primary delay in the closure of the wound occurs more frequently after extraction 
without iridectomy than after the combined extraction. A dangerous sequel of 
delayed closure of the wound, proliferation of the corneal epithelium into the 
anterior chamber, will be considered later. 

Incarceration of the iris in the corneal wound^ without true prolapse, is of rather 
more serious importance. Anatomical examinations of eyes which have been 
operated on for cataract prove that this is much more frequent than is commonly 
believed. It happens in both forms of extraction through a slight, partial dis- 
placement of the iris between the edges of the wound, where it remains adherent. 

In the majority of cases this partial inclusion of a part of the iris in the cor- 
neal wound is of little importance. The pupil may be somewhat displaced and 
the vision impaired, but on the whole the surgeon need not worry about it. Only 
in extensive superficial coaptations of the iris, which strangely are more common 
after extraction with iridectomy, the danger of secondary glaucoma is threatened 
by the flattening of the anterior chamber and the occlusion of Fontana'*8 space. 

One of the most dangerous complications met with after the operation for 
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cataract is the protrusion of the iris between the margins of the wound so as to 
form a true prolapse qf the iris. It not only interferes with the healing of the 
wound, but may result in the loss of the eye years afterward. 

At the first change of dressing, or it may be several days later, after an appar- 
ently normal healing, a dark mass, the prolapsed iris, is to be seen between the 
margins of the wound. The pupil is greatly displaced and the patient often has 
suffered pain. Treatment depends on the extent of the prolapse, which may vary 
a great deal, and on the time after the operation when it occurred. 

If the prolapse is small and took place soon after the extraction, we lift up the 
conjunctival flap carefully and try to replace the iris. This attempt is successful 
in certain cases. If the fresh prolapse is larger, or if the replaced iris shows the 
slightest tendency to prolapse again, it is to be excised with scissors, and then heal- 
ing can proceed perfectly, under favorable conditions, except for a somewhat 
greater degree of injection in the region of the wound. If the prolapse occurs 
some days after the extraction and the conjunctival secretion is considerable, any 
attempt to replace it would place the eye in danger of secondary infection. 
Usually it must be excised immediately, especially when not covered by a broad 
flap of conjunctiva. The closure of the wound is then frequently rendered diffi- 
cult, and it may be necessary to suture it, or to cover it with conjunctiva by means 
of a plastic operation, such as that devised by Kuhnt. 

To illustrate this procedure I have here a patient whose globe was ruptured 
by a contusion and who has gone about with a large prolapse of the iris for four- 
teen days. The lens was extruded from the eye. After the prolapse has been 
radically excised the scleral conjunctiva must be used to assist in the closure of 
the wound. The scleral conjunctiva is dissected up over a broad area, split up- 
ward by two oblique incisions and then the flaps are drawn downward and fastened 
to the cornea by sutures which include both margins of the wound. In this way 
the gravely injured eye may be preserved with comparatively good vision. 

A prolapse of the iris following an extraction of cataract always delays the 
healing of tiie wound. First it is overlaid by a fibrinous exudate and then the 
exposed iris is transformed gradually into a granulating tissue, which usually lasts 
for weeks, until the prolapse has become flattened by cicatrization and the eye 
becomes quiet. Even then the danger to the eye is by no means obviated perma- 
nently. Such scars do not always remain smooth, but they may undergo the so 
called cystoid degeneration. A bleblike swelling of the conjunctiva develops near 
the prolapsed iris which communicates with the anterior chamber and may occa- 
sionally pulsate. It is important to remember that such a cystoid cicatrix may 
develop without the presence of a prolapse of the iris. Such a cystoid cicatrix 
may readily form a serious complication. Everything may go on well for a long 
time, until finally the thin wall of the cyst, which is formed simply of conjunctiva, 
ruptures, and opens a direct way to the interior of the eye which, xmfortu- 
nately, is often found by infectious germs. Thus it is that after the lapse of years 
a rapid suppuration of the eye may start suddenly from such a prolapse of the iris. 
The anatomical studies of such eyes by Wagenmann have shown that the suppura- 
tion of these cicatrices may infect directly the interior of the eye. 

Recently detachment of the chorioid after extraction of cataract has awakened 
increased interes^. It has been known for a long time, but Puchs has demon- 
strated that it happens much more frequently than had been supposed. 

Attention is called to such an occurrence in the eye when a few days after the 
operation, very rarely later, the anterior chamber appears to be shallow, or empty, 
without any signs that the wound has reopened. TTie eye is very soft. If a care- 
ful examination is made by oblique illumination a yellowish or brownish mass is 
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to be seen in the equatorial region, which appears tense, has no folds and does 
not float. This sharply defined swelling may be made out still more distinctly 
with the ophthalmoscope. In many cases the masses are multiple. The detach- 
ment retrogresses more or less quickly, the (interior chamber again becomes deep, 
tension becomes normal, and vision, which may have been impaired considerably, 
is regained. The prognosis of detachment of the chorioid is very good ; it heals 
perfectly and leaves no trouble. It occiu^ almost without exception after extrac- 
tion wiih iridectomy, a fact which is indicative of its genesis. Anatomical re- 
searches by Fuchs and others {RichteVj Axenfeld^ TAcK) have shown that lacera- 
tions at the root of the iris happen not infrequently during the operation. The 
aqueous may penetrate through such apertures in the region of the insertion of 
the ciliary body into the perichorioidal space, and so bring about a detachment of 
the chorioid. The application of a pressure bandage seems to favor the reattach- 
ment of the chorioid. 

Psychic conditions of excitement^ that sometimes appear in very old patients 
after the operation, may be called another complication. Usually they appear at 
night and take the form of acute hallucinations. The reasons why they appear 
after an operation for cataract are not yet wholly understood, but the sudden ex- 
clusion of light by the occlusion of both eyes seems to be an exciting factor. The 
prognosis is very good. The dressing is removed from the eye, bromide or veronal 
is prescribed, and the condition passes away usually in a short time. For the sake 
of the other patients such a case should be transferred for a few days to the clinic 
for nervous diseases, until a normal condition has been regained. Special atten- 
tion must be paid to the protection of the eye during the psychical disturbance. 

A harmless symptom, which in rare cases appears for a short time after an 
operation for cataract, is that after looking at a bright surface less bright objects 
appear to be piuple, and dark objects to be of a deep green. According to Fucha 
this erythropaia is due to the perception by the eye of its own visual purple. 

I have seen expulsive postoperative hemorrhc^e just once. A few hours after 
the extraction the patient complained frantically of pain, and when the dressing 
was changed it was found that a violent hemorrhage had expelled the vitreous 
together with the chorioid and retina from the eye. Exenteration had to be 
performed immediately. These grave hemorrhages after cataract extraction for- 
tunately are very rare, though they seem to happen more often in some countries. 
Statistics vary ; according to Sattler they have become rather more frequent since 
the introduSon of cocfin, yet several^undred extraction, may beVrfonned 
before a single eye fs lost in this manner. Rather more than a hundred such 
cases are to be found in literature, including some in which hemorrhage occurred 
in the two eyes from which cataract had been extracted simultaneously. The oc- 
currence of such a postoperative hemorrhage is an indication for reclination of the 
lens in the second eye. The ophthalmologist cannot foresee that such a hemor- 
rhage will occur and we are practically impotent therapeutically. Suturing of 
the cornea and compression bandages have been recommended, but the exentera- 
tion of the eye as soon as possible is a bitter necessity. 

GlaucorZ is of greaiT general inte.^ The Intraocular tension must be 
tested with great care after an operation for cataract, but at this time transiently 
increased tension is not uncommonly met with. The cause of this is plausible in 
many cases : Swollen masses of secondary cataract, hemorrhages and displacement 
of the pupil may interfere with the change of fluids in the eye by contraction and 
partial occlusion of the angle of the anterior chamber. The same is true in those 
cases in which the anterior chamber is excluded from the posterior by the inflam- 
matory formation of posterior synechias. Incarceration of the iris, or of the 
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lenticular capsule, may occlude the angle of the anterior chamber and so cause 
increased tension. Since plausible reasons exist for the development of increased 
tension, we must speak of a secondary glaucoma in an eye from which a cataract has 
been extracted. Increase of tension may appear at very diflPerent times after the 
operation according to its exciting cause, a fact that warns us not to let the patients 
we have operated on pass too quickly out of our control. Some eyes out of a large 
number operated on for cataract are lost from glaucoma, as is proven by statistics. 

There is one form of glaucoma after extraction that has a remarkable cause. 
The epithelium of the cornea proliferates through the wound and may finally line 
the anterior chamber, covering the posterior surface of the cornea, the anterior 
surface of the iris, and even involving the posterior chamber. The anterior 
chamber then forms a cyst lined with epithelium, and the passage for the escape of 
the intraocular fluid is occluded. Quite a number of eyes blinded in this way, 
and enucleated because of glaucoma, have been studied anatomically. The invasion 
of the corneal epithelium into the anterior chamber must be feai^ particularly 
when the closure of the woiuid is long delayed, a complication which does not 
always prove harmless. 

Finally there are two forms of complication which cannot always be prevented 
by the utmost diligence and care: the postoperative irtfections, chronic iridocyclitis 
and acute suppuration of the wound. 

Chronic iridocyclitis has been dealt with in the study of the connection be- 
tween injuries of the eye and sjnnpathetic ophthalmia. The operation for cata- 
ract is a perforating wound of the eyeball and may be followed by this complica- 
tion, the same as any other injury. The important points of the clinical picture 
are that after an apparently normal healing theeye remains .uspiciondy injected, 
deposits form on the posterior surface of the cornea, the iris becomes discolored, 
posterior synechia are formed in mild cases, denser exudates in graver ones, 
opacities develop in the vitreous and the further sequelae of iridocyclitis appear. 

The picture of acute purulent infection of the wound is quite different, as may 
be seen in the present case. During the afternoon after tlie operation a more 
abundant secretion from the conjunctiva and a slightly smoky appearance of the 
cornea in the vicinity of the wound indicated the commencement of the process, and 
by the next morning the picture of purulent infection was present. The patient 
complained of not very severe pain, tiie upper lid was swollen, the conjunctival sac 
was filled with pus, the smoky cloudiness of the cornea had increased, the region 
of the wound had a yellowish coat, in the wound itself was a purulent infiltration, 
the aqueous was cloudy, and at the bottom of the anterior chamber was a purulent 
exudate. The first thing to do in such a case is to determine the etiology of the 
inflammation. In this case the bacteriological examination of the infiltrated yel- 
lowish margin of the wound revealed pure cultures of staphylococci. The 
majority of postoperative wound infections are due to pneumococci, a fact which 
justifies us in the hope that we may yet advance slightly in prophylaxis of this 
trouble by injecting subcutaneously a sufficient dose of pneumococcus serum twenty 
hours before operation, when these germs have been found on the conjunctiva. 
Unfortunately postoperative panophthalmitis of the human eye may be caused not 
only by pneumococci, but also by staphylococci, ozaena bacilli, sb^eptococci, and 
other agents against which we have as yet no specific remedy, with the exception 
perhaps of the streptococcus serum. Occasional infections with such agents must 
be expected for a long time to come. When infection has taken place it may yet 
be possible to save the eye, but the result depends not alone on treatment, but 
also on the malignancy of the infection and the susceptibility of the patient. 
Benign infections may be overcome, virulent ones defy all treatment. 
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The most eiiicient means of treatment at our disposal is to reopen and cleanse 
the wound, to cauterize its purulent margins, to wash out the anterior chamber, 
to make slight incisions in the cornea and to inject salt solution beneath the con- 
junctiva. Introduction of iodoform into the anterior chamber has been recom- 
mended, but has been abandoned by many clinicians, including myself. All these 
measures are usually frustrated by the fact that we have as yet no chemically de- 
fined bodies which would destroy the microorganisms without injuring the tissues 
of the eye. Hence the effect produced depends in reality on their ability to induce 
an increase of the juices and leucocytes, which finally have to bear the brunt of 
the fight with the morbific agents. In this case we tried at once to master the in- 
fection, but were unsuccessful. The wound was reopened, the anterior chamber 
washed out with sterile salt solution, the galvanic cautery was applied to the infil- 
trated margins of the wound. This cauterization was repeated in the afternoon 
because the infection was spreading, but it could not be checked. The peripheral 
zone of the cornea about the wound became infiltrated and the so called ring 
abscess developed. The anterior chamber refilled with exudate and now, on the 
third day after the operation, panophthalmitis is present. 

The lids are so swollen that it is difficult to open the palpebral fissure with 
the elevator, yet the eyeball protrudes greatly (exophthalmos) and can scarcely be 
moved. The conjunctiva buibi is extremely chemotic, pus wells up from the con- 
junctival space, the cornea has been replaced by a yellow, opaque mass. The 
entire vitreous is no doubt full of pus. Fortunately postoperative panophthal- 
mitis is much more rare than formerly, yet we must expect to lose in this manner 
one out of every hundred or two hundred eyes operated on for cataract. No blame 
attaches to a surgeon with such a percentage of loss. The patient suffers very 
severe pain, which will be relieved by the exenteration. 

Exenteration is performed under general anaesthesia only in children and very 
sensitive adults; in most adults it is done under cocain. The cornea is first 
abscised by passing a knife horizontally through its upper third, making the in- 
cision upward, and then the rest is removed at the limbus with scissors. All the 
purulent contents of the globe are then removed rapidly with a large spoon, great 
care being taken that no traces of chorioid, etc., are left behind. The empty 
cavity of the sclera is then tamponed for a few days with iodoform gauze. A few 
days later, after the chemosis has subsided and the conjunctival secretion has 
ceased, the tampon is removed. The sclera then falls together, gradually shrinks 
and finally forms a little stump to which the muscles adhere. The prothesis which 
is worn later is more movable after an exenteration than after an enucleation. 
This is an indication for exenteration, but not the most important one. We dare 
not enucleate an eye in so florid a condition of suppuration, because the danger is 
too great that the infection will be carried through the orbit to the meninges if 
the numerous l3rmph tracts are opened. Exenteration has only one disadvantage, 
convalescence is usually more prolonged than after a simple enucleation.^ 



* Exenteration of the eyeball is frequently performed instead of enucleation in order 
to obtain a better support for the prothesis, as mentioned in the text To make the stump 
still better. Mules conceived the idea of enclosinfi: a glass ball in the sclera. A triansrular 
piece is removed from the sclera at each side of the abscised cornea so as to permit the 
aperture to be closed by a horizontal row of sutures, over which the conjunctiva is sutured 
vertically. Several reported cases of subsequent sympathetic ophthalmia, due perhaps to 
faulty technique and incomplete removal of the uvea, have proved this operation to be not 
perfectly devoid of danger, so that many surgeons prefer the operation devised by Frost, 
in which the muscles are separated from the eyeball, a suture is placed in each, a simple 
enucleation is performed, a glass ball is inserted in Tenon's space and the opposing mus- 
cles are tied together over it by means of the sutures, after which the wound in the con- 
junctiva is closed. This also forms an excellent stump. — F. 




61. Aphakia and Cataracts Secundaria Simplex 

By aphakia is meant absence of the lens in the region of the pupil. It is 
occasionally produced by injuries and by dislocation of the lens. Just now we are 
interested only in the aphakia that is produced by operations on the cataractous 
eye. 

A comparison of the two cases in which extraction was performed, one with a 
complete, the other with only a peripheral iridectomy, is instructive. From the 

cosmetic standpoint there is 
no doubt whidi operation is 
preferable. In the one case 
there is a comparatively broad 
colohoma of the iris upward, 
partlycovered by the upper lid. 
Fig. SS.— Aphakic Eye. In the other is an ideal, round 

pupil which reacts promptly to 
li^t, and the insignificant perifdieral iridectomy is entirely covered by the upper 
lid. In such an eye the laity can see nothing to indicate that anything has hap- 
pened to it, but the physician can easily detect the objective symptoms of aphakia 
in both cases. 

1. Tbe anterior chamber is alwormally deep and the iris is sH^tly sunken. 

2. Tbe iris trembles slightly during movements of tbe eye (iridodonesis). 

3. Tbe pupil is deep black, the physiological reflex of tbe lens, which makes 
the pupils of old people appear slightly gray, is absent. 

4. lite lenticular images of Purldiife-&in»on are absent. TUs is tbe moat 
positi\-e sign of ajdiakia. 

The cosmetic reason is not the only one why the operation with tbe preserva- 
tion of a round, normal pupil is to be preferred ; the visual results obtained are 
better, as has been shown by statistics. 
Perfect vision is obtained in extractioD .. 

with iridectomy in 6' } of tbe cases, in ex- 
traction without iridectomy in over 20*^. 
According to other statistics this differ- 
ence is not GO great- 
It is to be expected a priori that the 
vision will be better with a round, nor- 
mal pupil, for when the pupil is small v, 
and round tbe retinal images are gener- '' 
ally sharper than when it is dilated. In 
aildition to this, tbe peripheral, compar- 
ati\T!y les* cun-ed portions of the cornea 

come into parti.tl use in vision after an FiG. 39.— Aphakic Eye. 

extmrtion with iriileclomy. But. al- 

thoiii^ the pre^'nation of a beautiful round pupil is ideal, yet extraction with 
iridectomy is by no means to be de^pisetl. On the contrary I believe it to be 
tbe ojieration which should be enijiUn^wl in the ptvat majority of cases. 

It likewise pivts exci'Uont visual rvsults. Its techniiqijc is mastered more easilv 
than that of extraction with a round pu)iil. though this is denied bv some 
ofierators. RrWr stali-s. in my O|iiiuon c»>rt\x'tly, tlist the greatest advantage of 
iriiii»ctiMny is "the caA'.-»nd A-ciirity with which IIk- remains of the cataract bdiind 
the iris can he ci^niploli'Iv renioM'rl bv pusliinji. stroking and pressing n 
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It is also the experience in many clinics that secondary cataract appears less often 
after extraction with iridectomy than after other operations. Opinions are still 
divided in regard to this. Technical dexterity and the kind of clinical material 
render comp^sons difficult, and nothing is to be gained by a dispute. Our 
operative treatment cannot be guided by such factors alone. 
I Extraction with iridectomy is always preferred by cautious operators. Beyond 
'^a doubt the danger of such complications as incarceration and prolapse of the iris 
is less. The ophthalmologist should not always operate either with or without 
iridectomy ; he should select his cases. Restless patients are not fitted for extrac- 
tion with a round pupil. As the knowledge of the different forms of cataract 
advances the indications of the operation to be chosen are becoming more positive. 
I always operate on subcapsular cortical cataract with an iridectomy, on cataracta 
punctata, even when mixed with the subcapsular form, ajs well as on the rarer cat- 
aracta nuclearis and nigra, with preservation of a round pupil. 

Immediately after the operation the patient can see somewhat about the room, 
but an optic correction is necessary to enable him to see objects distinctly. Prior 
to their disease most cataractous patients were either emmetropic or hypermetropic. 
With the removal of the lens the eye loses an important part of its refractive power. 
Such an eye presents a comparatively simple optic system. The refraction of the 
posterior surface of the cornea may practically be neglected and that leaves its ante- 
rior surface as the single refracting surface. In front of it is the air with a refrac- 
tive index of 1, behind it is the homogeneous intraocular fluid with a refractive 
index of 1.8865. Under such conditions experience has shown that an aphakic 
eye, which formerly was emmetropic, needs a convex glass of 10 or 11 dioptres for 
distant vision. With such a glass vision is greatly improved even a short time 
after the operation, but is usually not made perfect. Fortunate exceptions are met 
with in which perfectly normal vision is attained after so short a time, but this 
is not the rule. 

To ascertain why the vision does not come up to our expectations the fundus 
must be carefully examined first. If the retina and chorioid are intact, especially 
at the point of direct vision, the cause of the impairment of the vision must be 
sought elsewhere. 

The astigmatism produced by the wound in an eye recently operated on for 
cataract forms a disturbing element almost invariably. Astigmatic distortion of 
the images can be perceived immediately with the keratoscope and the astigmatism 
may be measured accurately with the ophthalmometer. As the section is always 
made upward the corneal radius is considerably lengthened in the vertical meridian 
and shortened in the horizontal. It has been calculated that the mean increase of 
curvature in the horizontal meridian corresponds to a shortening of the radius of 
about 1.1 mm, and the mean diminution of curvature in the vertical meridian to 
a lengthening of the radius of about 0.7 mm. This difference of the corneal radii 
frequently causes differences of several dioptres in the refraction, which demand 
correction with cylindric glasses with their axes placed horizontally. If glasses 
are ordered for a cataract patient on the day of his discharge this astigmatism must 
be taken into account, but his attention should be called to the fact that the astig- 
matism will decrease in the course of the next four or eight weeks as the cicatrix 
becomes more consolidated, although it may not disappear completely, and that 
therefore the glasses ordered at first will not be correct later. The degree of astig- 
matism will be less the more peripherally situated is the vertex of the flap, so this 
optic factor must be borne in mind during the operation itself. 

Aside from the fact that this operative astigmatism may not be sufficiently 
regular to permit it to be fully corrected optically, there are other causes which 



244 CATARACT GLASSES 

may impair the vision of an aphakic eye, even when the operation has been per- 
formed perfectly. The posterior capsule, parts of the ant^ior capsule and small 
bits of lens fibres are left behind in the eye. There are also asymmetries in the 
not round pupil, and marked signs of aberration from the peripheral portion of 
the cornea in the coloboma, all of which interfere with the course of the rays of 
light. We may therefore be very thankful when the patients we have operated on 
for cataract leave us with half of their normal vision ; if they have more than 
this, so much the better. 

A provisional glass may be prescribed at first to be changed at the end of six 
or eight weeks, but in doing this the social condition of the patient must be taken 
into consideration. Glasses for distant vision are not alone sufficient, the patient 
needs glasses for near work as well. The loss of the lens results in the loss of the 
power of accommodation. Most patients who are operated on for senile cataract 
have reached an age in which the process of sclerosis prevents the accommodative 
change in the form of the lens, so that the accommodation has to be reinforced, 
or replaced by a presbyopic glass. After the extraction of the lens a correspond- 
ing glass for near work is needed. If the emmetrope when young must accommo- 
date 4 D in order to read at a distance of 25 cm, and when sixty years old needs 
a glass of that strength to read with, it is evident that, when he has been operated 
on for cataract and sees at distance with +10 D, he needs for reading a convex 
glass of 10 D + 4 D, or + 14 D. 

It has long been a subject of dispute whether the aphakic eye may not possess 
a true power of accommodation. It can be proved easily that such an eye can 
read at varying distances with a glass and it has been concluded from this fact 
that accommodation is present. Some have thought that 'the external muscles of 
the eyeball produced an elongation of the axis of the eye, others have contended 
that the ciliary muscle produced by its contraction an increase in the curvature of 
the cornea, and that an increase in the refractive condition of the eye was possible, 
especially on looking downward, but more exact investigation has revealed the 
soiirces of error that had been overlooked in the discussion of the subject. 

Hess has shown that the reading of print is not a proof of an exact accommo- 
dation of the eye. We can still read with a defective accommodation produced 
artificially by a combination of glasses. Sometimes the pupil is covered more 
or less during the experiment, so that the circles of dispersion are diminished. 
Very often a patient who has been operated on for cataract is able to read print 
through a stenopeic aperture in the secondary cataract in spite of a comparatively 
large fault of accommodation. In addition to this, vision at different distances 
may depend on different parts of the bundles of rays, when such anomalies in the 
curvature of the cornea are present as may be occasioned by the operation, and 
the figures produced by dispersion are not the same in the aphakic eye as in the 
eye that contains a lens. These conditions furnish a natural explanation of the 
apparent accommodation of the aphakic eye. 

Partial compensation for the loss of the power of accommodation may be 
secured by changing the position of the glass in front of the eye. Patients often 
learn to adjust their vision for different distances by moving their glasses to and 
fro. If the glass is moved from 1 to 2 cm from the eye the change in the refrac- 
tive condition amounts to about 1 D of accommodation and makes the glass equiva- 
lent to one of +12.5 D. 3.5 D of accommodation may be obtained by moving 
the glass forward 3 cm. 

After the optic function of the eye has been determined in this way the patient 
operated on fourteen days ago is allowed to go home, but not yet to pass from 
under the control of the surgeon. 



SECONDARY CATARACT 



Secondary Cataract 



The result obtained by the first operation does not always prove permanent. 
The remains of the lens left in the eye after extraction (capaule, epithelium, bits 
of lens fibres) may after a while produce a new opacity which materially reduces the 
vision and necessitates another operation. This opacity is known as simple secon* 
dary cataract (cataracta secundaria simplex). 

The clinical picture of secondary cataract is very variable. I have here a 
patient who was operated on for cataract a month ago. The pupil and coloboma 
appear unevenly gray by oblique illumination, because of a gray membrane that 
lies stretched behind the iris. In some places it may be seen to contain flaky 
thickenings. It is rather difficult to see through it with the ophthalmoscope, 
and vision is greatly impaired. A secondary cataract is very often much more 
delicate than this, and yet may be responsible for a considerable impairment of 
vision. In such cases the pupil may appear quite black to the cursory glance and 
the presence of a diaphanous membrane may be detected only with the ophthal- 
moscope. Such a membrane frequently exhibits a curious change of colors, and 
often has little folds here and there which form thickened places that prove on 
microscopical examination to be nests of cells. 

A conception of the origin of secondary cataract may be obtained best from 
microscopical study. When the lens is extracted the peripheral parts of the 
anterior capsule, the whole of the posterior capsule and particles of the cortex are 
left in the eye. The particles of cortex are principally from the equatorial part 
of the lens because the younger fibres, which are still most firmly united, are situated 
at this place, and because the removal of the peripheral portion of the lens is very 
difficult to accomplish. Therefore a thick swelling at the equator is to be seen 
on the slide, which is known as Scemmering's crystalline swelling. Its origin, as 
well as the entire formation of secondary cataract, is readily understood. After the 
delivery of the nucleus and the greater part of the cortex of the lens the posterior 
capsule comes in contact with the remains of the anterior capsule and forms a sac 
in which can be seen degenerated remains of fibres, epithelium of the capsule and 
cells which have been proliferated from the epithelium. This proliferation may 
be so extensive as to cover the entire posterior capsule with a pseudoepithelium. 



Fig. 40.— Cataracta Secundaria, from a Preparation of Winterateiner'a, after Hess. 

Hence in simple secondary cataract we have to deal with a proliferation of cells 
from the portions of the lens that have been left behind, i.e., with an attempt on the 
part of Nature to institute a sort of regeneration of the lens. 

llie question whether the entire lens may not occasionally be regenerated more 
or less completely in the eye by this means, in the same way as the nail is reformed. 
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is by no means unjustifiable. Complete new lenses may be formed after extrac- 
tion in tritons and lizards, in which cells from the pars iridica assujne vicariously 
the replacement of the lost organ, but such a restoration does not take place in 
man. The proliferation is confined to the epithelium of the lens itself and leads 
only to the formation of a more or less dense secondary cataract. 



Fig. 41.— The Aphakic Eye and Cataracta Secundaria Simplex. 

This secondaFy cataract appears in a varying percentage of cases and at very 
different times after the extraction. Tliequ^ion whether one that will materially 
affect the visioa is to be feared after a successful extraction cannot be answered 
with any approach to certainty. Very often the remains of the lens are absorbed, 
while in o^er cases a more or less dense secondary cateract will develop years 
later and necessitate another operation. 

The opinions of surgeons differ widely in regard to both the indications for and 
the technique of the treatment of secondary cataract. Tliis can be seen from the 
different percentages recorded by various operators. Some clinics have 26%, 
others 83% of operations for secondary cataract. Some surgeons are satisfied if 
they obtain i of normal vision, others seek to improve even i of normal vision bj 
doing away with the most delicate membranes. 

The same discrepancy prevails as to the time when a secondary cataract should 
be operated on. Some wait many weeks, others perform the operation very shortly 
after the extraction. To one surgeon the operation seems hazardous, to another 
to be devoid of danger. 

The great multiplicity of instruments which have been recommended and de> 
vised for this operation is an evidence of the differing views and methods of treat- 
ment. I will not attempt to go into the merits of these views and methods, but 
will confine myself to briefly stating my own. 

An eye which is to undergo an operation for secondary cataract should be per- 
fectly quiet and should have recovered from the primary operation, so I seldom ope- 
rate shortly after the extraction, except when certain economical conditions seem to 
demand it, especially as the resorption of the mass may progress for many weeks. 

It has been recommended to incise the vitreous during the extraction in order 
to secure a black pupil, but I reject this suggestion on principle, together with 
many other surgeons, because the preservation of the vitreous is one of the most 
important precepts of the operation. In addition to this the number of operations 
for secondary cataract which become necessary later is not diminished by this pro- 
cedure, while opacities in the vitreous and delayed healing of the wound may 
result 
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The degree of vision does not furnish a schematic indication for the operation. 
An old woman, who spends the evening of her life without having to work, may 
perhaps be perfectly satisfied with a vision of ^ the normal, while a man who 
needs his eyes for his work may be obliged to have a secondary cataract obviated 
although he enjoys vision of i the normal. Knapp says that an average vision 
of i may be improved to § and Kuhnfs experience was that average vision was 
present in 19.4% of his cases after extraction, in 52% after discission. The 
operation is not without danger and the chances must be weighed deliberately in 
each individual case. We will deal with its complications at another time. I 
usually use the knife devised by Kuhnt when I operate on a simple seoondarj cata- 
ract that is not too dense. ^ 



62. Cataract after Aseptic, Contusing and Perforating Injuries of 

the Eye 

In every injury of the eye the first duty of the physician is to ascertain whether 
the eyeball has been perforated or not. Every perforating wound is to be con- 
sidered seriously with reference not only to the injured eye, but also to the other. 
If the eye has not been perforated a simple protective dressing may suffice, while 
in perforating wounds it may be necessary to abscise tissues from between the 
margins of the wound, to insert sutures, etc. But these matters have been dealt 
with in the treatment of injuries of the eye, and now we are interested only in 
the changes in the lens that result from injury.^ In these cases also it must first 
be ascertained whether a perforating wound is present, for lenticular opacities 
may result from both contusing and perforating injuries. 

The cataract that results from contusion in man closely resembles those pro- 
duced experimentally in rabbits by blows upon the eye. The opacities are slight 

» SMITH'S OPERATION FOR CATARACT 

Within the past few years an operation for the extraction of cataract has been broufirht 
very prominently to the attention of ophthalmolosrists of all countries by Major, now 
Lt. Colonel, Smith of H. M. Indian Medical Service, and many pilgrims now visit him at his 
station, as they once sousrht v. Graefe, to learn the new operation. The technique of this 
operation, which he has performed many thousands of times, differs essentially from that 
of any method heretofore sufirsrested. Its object is to remove the cataract within its cap^ 
sule. Both a skilled operator and a skilled assistant are requisite for success. After tne 
eye has been cocainized, the upper lid is drawn up so as to expose the transition fold, 
which is then thorouerhly irrisrated with a stream of 1 : 2,000 solution of sublimate. This 
Smith believes to be necessary in India, where a healthy conjunctiva is the exception, but, 
as he stated to the writer, he sees no reason why it should be a routine procedure in coun- 
tries where healthy conjunctivse are the rule. A speculum is introduce and a largre sec- 
tion made in the cornea, avoiding: a conjunctival flap. The speculum is then removed. 
The assistant then introduces a lar^e strabismus hook beneath the upper lid and lifts it 
out from the eyeball, at the same time pressing: up the brow with the rin^r and little fin- 
gers of the hand holding the hook, so as to control any contraction of the corrugator super- 
cilii, and depressing the lower lid with the thumb of his other hand, the palm of which lies 
on the cheek. The patient maintains the normal position of the eye, looking upward 
throughout the operation. The operator holds in his right hand a smaller strabismus 
hook, or lens hook, in his left a small spatula. With the hook he presses on the lower 
third of the cornea to rupture the zonule and press the lens up through the section, while 
he holds the spatula ready for use, if needed, to assist in causing the lens to move by 
pressure on the sclera below, or to hold back the vitreous by introduction into tiie wound. 
In the majority of cases the upper zonule is ruptured first and the lens is delivered with 
its upper edge foremost, but in a large minority the lens "tumbles" and emerges lower 
edge first. The toilet of the wound consists of the replacement of the iris. The operation 
may be performed with or without iridectomy. It is preeminently suited for the extrac- 
tion of immature cataracts. — F. 



848 CONTUSION CATARACT 

in the anterior portion of the cortex, but more marked in the posterior, where they 
are frequently stellate, but may resemble nets, or leaves. 

Contusion cataracts are of two forms : in the one the lens capsule is lacerated, 
in the other it is not. It is not always possible, or at least not always easy for the 
ophthalmologist to determine whether the capsule is torn anywhere or not, because 
the laceration may be very small and, if it lies close to the equator of the lens, it 
may be completely concealed by the iris. After the pupil has been dilated we 
should conscientiously investigate the anterior and posterior surfaces of the lens 
with Zei^s* loupe, and then again with the ophthalmoscope. Quite a number of 
concussion cataracts both with and without laceration of the capsule have been 
described by Lawfordy Treacher Collins^ Fuchs and others. Clinical experience 
has shown that the posterior capsule is more apt to be lacerated than the anterior 
in contusions of the eye. This seems reasonable because the posterior capsule is 
the thinner, but a great number of lacerations of the anterior capsule as the result 
of contusion has been collated by lAebrecht. 

The treatment of concussion cataract may be inferred from the clinical symp- 
toms. In most cases there is no need of haste. The eye should be kept as quiet 
as possible under a moist dressing, in order that the ciliary injection and the 
photophobia, which last for days, may pass off. If there is a laceration in the 
central part of the anterior capsule the swelling and opacity of the lens increases ; 
we keep the pupil dilated with atropin and watch to see whether the rapid increase 
of volume of the lens excites a secondary increase of tension ; if this happens the 
mass of lens material must be evacuated from the eye. If there is a laceration in 
the peripheral portion of the capsule eserin is instilled for a while, in order to en- 
able the iris to cover and protect it as far as possible, in the hope that the wound 
will heal without further opacity of the lens, as it sometimes does. If the opaci- 
ties are chiefly in the posterior cortex the further course of the trouble may be 
quietly awaited. The operative removal of the lens is always at our disposal as a 
last resort. 

When the lens is involved in a perforating wound of the eyeball the form of 
cataract known distinctively as traumatic develops in the overwhelming majority 
of cases. The first thing then to be ascertained is whether the wound is aseptic 
or infected. The management of the latter class of cases has been considered 
already. When a traumatic cataract has been produced by an aseptic perforation 
of the globe the following questions have to be taken into consideration : 

1. Where is the laceration of the lens capsule situated and how large is it? 

2. Does the injury involve the anterior capsule, the posterior capsule, or both ? 

3. What is the age of the individual ? 

A great variety of clinical pictures are produced by various combinations of 
these factors, but the one most frequently met with is this : 

The cornea of a child has been perforated and the wound has closed. The 
anterior capsule of the lens has been opened widely and gapes. The yoimger the 
child and the larger the wound in the capsule, the more rapidly does the opacity 
spread and involve the entire lens. The aqueous enters, and within a few hours 
tiie lens in the vicinity of the wound is opaque. The lens fibres swell, press out 
of the wound, often project like fungi into the anterior chamber, crumble and 
fall away. They may adhere to the posterior surface of the cornea and form 
Fucks'" lens deposits. This process may go on for days and weeks. New lens 
fibres are attacked until finally the entire lens is opaque ; new flakes continually 
press out through the wound in the capsule. A resorption of the broken down 
masses of the lens takes place simultaneously with the swelling and opacification. 
The volume of the lens, which was greatly increased by the swelling, dimin- 
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ishes and under very favorable conditions the entire lens may be resorbed in this 
way. The pupil becomes black again, there remains only the capsule with slight 
traces of epithelium and fibres, and the aphakic eye can see once more. Such a 
complete resorption is possible only in lenses that are too young to contain firm, 
large nuclei. The degree and extent of the physiological sclerosis determines in 
great part the possibility of a spontaneous cure of a traumatic cataract and there- 
fore the age of the patient must be taken into account. The rapidity of the de- 
velopment of a traumatic cataract likewise depends on the age of the lens. In 
very old people the lenticular opacity may be confined to the vicinity of the wound 
in the capsule for a long time. 

A complication caused by the rapid swelling of a yoimg lens is secondary 
glaucoma. If the process runs a tempestuous ooiu'se and the lens swells rapidly, 
the physician must always take this possibility into account. The pressing forward 
of the iris by the swelling lens, together with the masses in the anterior chamber, 
may cause a temporary obstruction to the outflow of the aqueous. The tension 
must therefore be tested at suitable intervals, and when it is found to be abnormally 
high a paracentesis of the anterior chamber is indicated. A keratome is intro- 
duced and the opaque masses are allowed to escape over it from the eye. If the 
lens is wholly opaque a clear pupil may be obtained by this procedure. If the case 
is one of traumatic cataract in an elderly person the ordinary cataract section 
should be employed. 

Spontaneous resorption is complete in by no means all cases of traumatic cata- 
ract ; usually it is incomplete. After a part of the lens fibres have escaped from 
the capsule the wound may close more or less. This closure is favored by prolif- 
eration of the epithelium of the capsule. Then the capsule forms a sac which 
contains cloudy portions of the lens, epithelium and fibres, so that the traumatic 
becomes transformed into a secondary cataract to be dealt with in the manner 
already described. We are as unable to prevent it as in other forms of cataract. 

The process of resorption of the opaque lens material takes place in an infinite 
variety of ways, but we are not always able to discover the cause of the variation. 
The nature of the process is not satisfactorily known. Doubtless a part of the 
cloudy contents of the fibres is soluble in the aqueous and is thus resorbed, but the 
lens contains a large quantity of insoluble material. Wagenmann and others 
have reported conditions in which remains of broken down fibres were taken up by 
giant cells. Moreover complicated fermentative processes in the anterior chamber 
and lens take part in the resorption of the insoluble constituents. 

The anatomical study of traumatic cataract alone can give no information in 
this respect. Aseptic traumatic human cat€U*acts present pictiu^s quite analogous 
to those of cataracts produced experimentally ; destruction of the elements of the 
lens and regenerative changes. 

A total traumatic cataract is formed in the vast majority of traumatic lacera- 
tions of the lens capsule, but very lucky exceptions to this rule are met with. 
This fact has a practical therapeutic importance which is illustrated by the case I 
now present. Three months ago a splinter of iron passed through the cornea and 
lens of the left eye of this young man in a direction outward and upward. There 
was not only a laceration of the anterior capsule, but one of the posterior also, near 
the equator. After removal of the splinter of iron from within the eye through 
an incision in the sclera by means of a magnet we have waited quietly. Today 
it can be seen with Zeiss^ loupe that the laceration in the anterior capsule has 
healed perfectly and that the anterior cortical is clear. In the posterior cortical 
is a slight radiating opacity which has cleared up a great deal of late, so that the 
eye has regained more than half of its normal vision. This case demonstrates 
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that every injury of the capsule need not necessarily result in total opacity of the 
lens. Quite a number of similar cases, in which the lens has remained transparent, 
have been reported by Purtsctier, Pfalz, Uhthqff, Sacher, Bondi and others. They 
have taught the clinician that any hasty operative intervention is contraindicated 
in selected cases of traumatic cataract. 

The explanation of the clinical fact that the lens may remain clear after an 
injury to the capsule has been furnished by the experimental researches of Leber^ 
Schloesser^ Schirmer and especially of P. Knapp, concerning the closure and healing 
of wounds of the capsule. There can be no doubt that conditions particularly 
favorable to a rapid closure of the wound are present in every such fortunate case. 
Experimental wounds of the capsule, when not too large and properly situated, 
may have their swelling margins covered by fibrin, and so be protected against a 
further entrance of aqueous. A proliferation of the neighboring epithelium be- 
gins in a short time and the cells in the vicinity undergo a sort of displacement ; 
these processes result in a closure of the wound. A new formation of the substance 
of the capsule also takes place. We have to consider the clear, newly formed 
lamella an excretory product of the epithelium. The lenses of many animals, es- 
pecially rabbits, are much less sensitive to these injuries than human lenses, so 
such cases in man form the fortunate exceptions. 

Much more frequently a complete opacity develops when the lens has remained 
clear for some time after the injury, hence we must be careful in our prognosis. 

According to Becker grains of powder, according to Magnus pcuticles of 
soot, according to Leber even copper, which can excite an aseptic suppuration in 
the eye, may be embedded in the lens without causing disturbance, but when par- 
ticles of iron enter the lens it will undergo serious changes even though it may 
remain clear for a time. First a yellowish stain may appear about the splinter of 
iron, as described by Graefe. This may spread and finally give the lens a more 
or less brownish yellow color, rendering it opaque, while a circle of brown points 
appears beneath the anterior capsule. This circle has usually the diameter of a 
somewhat dilated pupil. Samebohn was the first to describe it. Two things are 
to be considered in the diagnosis of this iron cataract. One is that the yellow 
stain of the lens may appear when the splinter of iron is not in the lens, but else- 
where in the posterior segment of the eye, even in the posterior wall of the globe ; 
the other is tiiat the rust brown points beneath the anterior capsule are not pres- 
ent in every case. Frequently this unilateral yellow stain of the lens first calls the 
attention of the physician to the fact that the eye contains a splinter of iron. 

It is evident that a considerable portion of the iron must become dissolved, 
for when such a brown lens is tested with yellow potassium cyanide and hydro- 
chloric acid it exhibits a characteristic blue color. The dissolved iron about the 
foreign body spreads by diffusion and is partially excreted in the form of minute 
granules. The chemistry of this effect of iron needs more accurate research. 
From the studies of Leber^ and especially of E. v. HippeU it may be presumed that 
the process terminates in ferric carbonate. E. r. Hippel supposes that there is a 
specific affinity of the epithelium of the capsule for the iron brought to it by diffu- 
sion in insoluble combinations. Extraction of such a cataract is to be considered 
only when the eye has not suffered other grave injury from siderosis of the retina. 
Sattler has pointed out that when such a cataract is extracted a peculiar condensa- 
tion of the lens may be found, even when the lens is young. This form of cata- 
ract exemplifies how a lens which at first remains clear after an injury may 
subsequently become opaque. The same event may take place in other lacerations 
of the capsule which seem at first to have healed smoothly. 

The opposite is also met with : A more or less extensive cloudiness of the lens 
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may follow an injury, and then gradually pass away. Cases of this nature have 
been reported by Schhesser^ Hesa^ Feikhenfeld^ Bondi, Bresgen, Knteckow^ 
Pucha and others. How this clearing up takes place is entirely beyond our 
knowledge. The injuries that give rise to posterior opacities of the lens which 
are able to pass away affect chiefly the equator of the lens. We may fancy that 
a number of the posterior lens fibres imbibe fluid through the solution of the equa- 
torial cells, and then slowly regain their normal condition after restoration of 
the cells. 

Finally, the peculiar position of injuries of the posterior capsule in relation to 
traumatic opacities of the lens remains to be considered. It may pass for a law 
that the lens is much less sensitive to injuries of the posterior, than to those of the 
anterior capsule. The opacities which follow ruptures of the posterior capsule 
develop much more slowly. Schlassser proved experimentally that the vicinity of 
such wounds may remain clear for months. The cataract spreads only when the 
deeper posterior layers of the lens are involved in the injury, and even then its 
development is comparatively very slow. The lens fibres may partially swell out 
into the vitreous witiiout important change. It is remarkable that wounds in the 
posterior capsule are also healed by the activity of the lenticular epithelium at 
the equator. The epithelium proliferates along the posterior capsule and covers 
it with a layer of pseudoepithelium. Such lacerations of the posterior capsule 
and such proliferations of the epithelium have been found by Heas in the cataracts 
of guinea pigs. 



63. Cataracta Diabetica and Other Constitutional Forms of Cata- 
ract in Tetany, Ergotin Poisoning and Among Glassblowers 

The first of our two patients is a marasmic young man who has to be led be- 
cause he is blinded to such a degree that he is unable to find his way about alone. 
He tells us that a few weeks ago he was able to see very well with both eyes, and 
that then he began to lose his vision rapidly, not suddenly. The primary interest 
excited by this patient is in his general condition, but we will consider that at 
present only witii a view to determining the etiology of the changes in the eye. 

Both eyes are free from injection or irritation. The anterior chamber is 
rather more shallow in one eye than in the other ; in each the lens is perfectly 
opaque. By oblique illumination the opacity appears imiform and bluish white, 
with distinctly radiating sectors that have a mother of pearl lustre and extend 
inward from tiie equator, with their apices directed toward the centre. No trans- 
parent cortex can be detected beneath the capsule. 

Perception of light and projection are perfect, yet there is something peculiar 
about this cataract The patient formerly had good eyes, so the cataract is not con- 
genital, and yet while still young he has developed what resembles a subcapsular 
cortical cataract spontaneously and simultaneously in each eye. If the etiology of 
this cataract cannot be seen it may perhaps be smelt, for it does not require a very 
acute sense of smell to detect a strong odor of acetone about the patient, which 
arouses the suspicion, which is correct, that this is a grave case of diabetes. The 
lU'ine must be examined immediately in such cases ; the urine of this patient con- 
tains more than 8% of sugar, and this confirms the diagnosis of cataracta diabetica. 

The other patient is of an age when senile cataract is apt to occur. The exam- 
ination of the urine reveals the presence of a small quantity of sugar. After the 
pupils have been dilated the signs of incipient senile cataract may be seen in both 
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eyes ; gray radii extending from the equator into the posterior and anterior layers 
of the cortex. With Zeiss'* loupe it can be seen that they have the same dirty 
gray brown color that characterizes the opacities of senile cataract. It can neither 
be affirmed nor denied that this cataract also is due to diabetes. 

Diabetic cataract is a disease of the outer layers of the cortex of the human lens, 
exactly the same as the most common form of senile cataract Its clinical appear- 
ance depends chiefly on the age of the patient and the rapidity of its progress. 
It develops very rapidly in a young lens ; it starts at the equator and involves very 
quickly the soft cortex, so that the diabetic cataract presents a great resemblance 
to a rapidly swelling traumatic cataract through its mother of pearl lustre. 

In older persons the process is slower, and diabetic cataract appears under the 
same form as senile cataract, from which it cannot be differentiated in elderly 
people. 

It must not be thought that diabetes always causes disease of the lens. The 
statements as to the frequency with which cataract is met with in diabetes vary 
enormously, from 1 to 20%, b^ause it has been discretionary hitherto to consider 
a cataract met with in an elderly patient suffering from diabetes as diabetic or not. 
The diagnosis is certain only when the diabetes and the cataract are associated in 
early life. 

The question of the dependence of cataract upon diabetes is complicated by 
the fact ihat other forms of cataract are met with in diabetic patients. I have 
repeatedly found cataracta punctata in them, a form which usually lasts for decades 
and has nothing to do witii the general disease which developed later, but any- 
one who is not accustomed to study and diagnosticate this form of cataract may 
naturally suppose that a connection exists, and deceive himself concerning the fre- 
quency of diabetic cataract. 

A subcapsular disease of the cortex may be associated with a cataracta punc- 
tata that has existed for a long time and, if the patient has diabetes, it cannot be 
determined whether this is due to the diabetes, or is a senile symptom. The 
diagnosis of diabetic cataract is very difficult in old age, and we can therefore 
speak of but one cataract as due to diabetes. 

Other clinical signs have been sought to indicate diabetic cataract in elderly 
persons. Diabetes may be suspected when myopia develops suddenly during the 
fifties. Sometimes the lens remains clear, in other cases a lenticular opacity fol- 
lows this change of refraction sooner or later. Various theories have been ad- 
vanced to account for this increase of the refraction. AppenzeUer believed that 
the index of the aqueous was increased, but this was disproved by Hess. The 
aqueous must have a concentration equal to that of a 20% solution of sugar to 
attain the index of refraction of the cornea, but in such a solution the lens would 
become opaque and shrunken immediately. 

There is no doubt that we have to deal with a so called lenticular myopia in 
the myopia due to diabetes ; the question is only through what changes in the lens 
the increase of refraction is produced. Perhaps the lens may absorb an increased 
amount of water and so increase its curvature, but no satisfactory measurements 
of the curvature of the lens at the anterior pole are extant. Some, like myself, 
assume that the refracting index of the lens cortex is lowered by the entrance of 
fluid, and that the effect of this is to increase the total index of ibe lens. 

It does not seem to me a matter of doubt that an increased quantity of water 
can be present in the cortical layers of the lens for a long time without necessarily 
producing cataract. Salffher'^s researches concerning the effect of intravenous 
injections of salt show that the lens can be deprived of water without becoming 
opaque, and therefore it may remain transparent when it contains varying quantities 
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of water. I, myself, was able to determine in a case of rapid senile development 
of lenticular myopia without cataract that the anterior reflex from the cortex was 
weak, while the reflex from the nucleus was very strong. According to Hess this 
phenomenon indicates a reduction of the index of refraction of the cortex, but 
this rapid increase of refraction is not characteristic of diabetes. Anyone who 
lives in a country where nuclear cataract is frequently met with can easily con- 
vince himself that a rapid development of lenticular myopia is not associated with 
diabetes in most cases, and that it may be an intermittent stage of cataracta 
nuclearis. Cases have also been reported in which a decrease of the refraction of 
the eye was ascribed to diabetes, and for these such different causes have been as- 
signcxl as increase in the refraction of the vitreous {LandoU)^ softening and atrophy 
of the eye {Horner)^ and latent hypermetropia becoming manifest (Schmidt- 
BimpUr). The last explanation does not apply to old people in whom the mani- 
fest hypermetropia is the total, so again it is evident that a positive diagnosis of 
diabetic cataract is possible only in early life, and that in later years a probable 
diagnosis is all that can be made. 

In youth the course of this form of cataract is always typical. It is bilateral 
and may develop with extreme rapidity. Cases have been met with in which the 
lenses became opaque in a few days, or even hours. In no other form of cataract 
is there so little doubt that it arises from a constitutional cause, from changes in 
the general organism. Its connection with diabetes has been acknowledged since 
the thirties of the last century. 

Very divergetit views have been expressed concerning the origin of this form of 
cataract. The idea of Claude Bernard that the concentration of the blood is in- 
creased in diabetes was disproved long ago. The theory that the opacity is due 
to marasmus cannot be accepted, because the cataract may develop when the nutri- 
tive condition of the patient is good. Heubel believed that the sugar in the aqueous 
and vitreous caused the primary injury of the lens by the deprivation of water. 

The processes which take place when fresh animal lenses are placed in strong 
solutions of sugar are entirely different from those that happen in diabetic cata- 
ract, because opacities appear in these lenses only when strong concentrations of 
sugar are employed. In the gravest forms of diabetes, in which the urine con- 
tains 8% or more of sugar, only very small quantities of sugar, from 0.2 to 0.4%, 
are found in the human eye. If the experiment is made with intraocular fluid 
which contains such a small amount of sugar the lenses do not generally become 
opaque. 

Furthermore, human diabetic cataract commences as isolated diseases of indi- 
vidual cells and fibres. This point has usually been overlooked. In addition to 
this it is not a decrease, but an increase of water which is present in diabetic cata- 
ract. The second essential difference between the opacities of the lens produced 
in concentrated solutions of sugar and in diabetes is tiiat the former can retrogress 
completely, because they are occasioned by osmotic differences of concentration 
alone, while in diabetes the cells and fibres of the lens are destroyed by a compli- 
cated process of degeneration, to which is to be added signs of proliferation, which 
are unable, however, to recall the dead cells to life. 

Deutschmann advanced the correct view, that in diabetic cataract there is a 
local death of cells through which an abnormal process of diffusion is introduced. 

It is not the sugar itself that injures the lens ; the quantities of sugar met with 
in such lenses are very slight, and sugar has been found in perfectly healthy lenses 
in experimental pancreatic diabetes. 

It is necessary to assume that specific products of metabolism are formed in 
the organism, which injure the cells and fibres of the lens in a manner analogous 
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to that which we imagine takes place in senile cataract. I go farther than most 
ophthalmologists and believe that senile and diabetic cataracts are produced by 
one and the same cjiotoxic product of metabolism. In this way only can it be 
comprehended how it is that diabetic cataract differs in no respect anatomically 
from the senile subcapsular cortical cataract. Thus only can it be understood 
why we cannot differentiate a purely senile from a diabetic cataract in an elderly 
patient. It is not the sugar of diabetes as such that produces diabetic cataract, 
for if it 'Were, cataract would be much more frequent in diabetes than it is, even 
though we admit that the vascular changes necessary for the access of the abnormal 
products of metabolism to the lens need not take place uniformly. I assume that 
the specific substances which lead to injury of the lens may be formed in connec- 
tion with other abnormal products of the intermediate metabolism in only a small 
percentage of cases of diabetes. These substances may also be formed in other 
metabolic changes, as, for example, in senile involution of the organism. Accord- 
ing to this view diabetes is not a direct, but an indirect cause of the development 
of the cataracts that are met with occasionally in its course. It remains for the 
future to bring forward a more accurate explanation of the etiology of diabetic 
cataract. 

The same changes are to be seen under the microscope as in subcapsular corti- 
cal cataract. Areas of degeneration are met with in the epithelium of the capsule, 
the nuclei of the cells are in part wanting, in other places are not uniformly stained. 
A similar unequal staining may be seen in the region of the equator, where fibres 
also appear that have undergone molecular disintegration, separated by masses 
of coagulated albumin. Signs of proliferation are also to be met with in the epi- 
thelium. In short, the processes are quite analogous to those in subcapsular corti- 
cal cataract, and diabetic cataract is evidently a disease of the lenticular cortex. 

Changes in the pigment layer of the iris are met with in diabetes with great 
regularity. Snellen and Hirschberg long ago called attention to the fact that 
the aqueous becomes stained black very frequentiy when an iridectomy is per- 
formed on the eye of a diabetic, because masses of pigment seize the opportunity 
to float out from the iris. The reason for this was discovered by Becker^ Sattler^ 
Deutschmann and others to be due to changes which may be recognized under the 
microscope. 

The cells of the retinal pigment layer of the iris are enormously swollen and 
have become transparent, though ordinarily they are black and opaque. The 
pigment is scattered over a large space. It can be readily understood that in 
such a condition of hydropic degeneration the pigment can easily escape. 

It is very doubtful if this condition has any directly etiological connection 
with cataracta diabetica, for it is met with as well in eyes that have perfectiy 
transparent lenses. 

In such a constitutional disease as this, which usually reacts promptly to regu- 
lation of the diet, the question naturally arises whether antidiabetic treatment 
would not act favorably upon the incipient opacities of the lens. Most ophthal- 
mologists are as yet very skeptical in regard to this, although diabetic opacities 
have been observed to clear up by Seegen^ Gehrhard^ Nettleshtp. Gayet and Koemg. 
Attention has been drawn particularly to the clearing up of diabetic cataracts after 
the use of Carlsbad water. The decision of this question will be difficult, even 
in the future, for it must be taken into consideration whether the improvement, 
especially of the vision, is to be referred to a change in the lens, or to a better- 
ment of a coincident disease of the retina. If the patients are elderly we do not 
know whether the cataract is senile or diabetic, in case these are admitted to have 
separate causes. I have myself observed, though only in a single case, a positive 



COMPLICATIONS IN EXTRACTION 366 

retrogreMion and disappearance of the water radii in a woman with diabetes. 
Such caaes are very rare. 

Extraction of the lens is the only recourse in cases of advanced and mature 
diabetic cataracts. We have to consider the prognosis of the operation entirely 
aside from the question whether the cataract in question is diabetic or not. 
Formerly, especially before the days of antisepsis, the prognosis in diabetics was so 
bad that such a cataract was considered a noli me tangere. In general surgery also 
major operations upon diabetics are undertaken with great reluctance, because of 
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the dangers of general aoBesthesia, of coma diabeticum, and of the tendency of 
diabetics to infection. 

The conditions are somewhat different tn ophthalmology. Since the introduc- 
tion of antisepsis numerous observations have taught us that the little wound made 
in the operation for cataract may heal just as well in the diabetic as in the normal 
eye, and most ophthalmologists do not hesitate to operate on these cataracts by the 
same methods tiiat are employed for other forms of cateract in persons of the same 
age. Yet certain complications must be teken into account. 

Iritis, even with hypopyon, occurs more frequently in diabetics than in other 
patients. This agrees with the fact, that has been established both clinically and 
experimentally, that the tissues are decidedly more sensitive to infections in dia- 
betes. The infectious agents themselves readily become virulent in the diabetic 
organism, because the power of resistance they have to overcome is imperfect. 

According to my researches this iritis is always of a bacterial nature. It has 
been thought that the purulent iritis, which occasionally develops spontaneously 
in diabetes, may be caused by pathological metabolic products, but this has not 
been proved by careful and sufficient bacteriological study, and I believe it to be 
metastatic. It is self evident that peripheral neuritis and toxic amblyopia, which 
occur in diabetes, cannot be classed etiologically with purulent iritis and cannot 
be held to indicate that the iritis is of toxic nature. 

Hemorrhage into the anterior chamber is another complication met with after 
extractions in diabetes. Hemorrhages occur into the retina and vitreous rather 
more frequently, in from 2 to S% of the cases. Arteriosclerosis is often met with, 
and occasionally glaucoma is associated with the hemorrhages. Still none of these 
complications are very frequent and the results of the operation for cataract in 
diabetes on the whole are very good. In a large number of cases (Jht kqff' o^Aained 
good vision, 1 to J, in 68%, useful vision, i to i^jj, in 18%, poor vision, below 
A. in 14%. 
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Most ophthalmologists do not think it necessary, or even desirable, that the 
diet should be so regulated before an operation for cataract that the excretion of 
sugar is reduced. Even the presence of acetone and acetoacetic acid is not a con- 
traindication to the operation. A sudden reduction of the sugar at the time of 
operation is not desirable. We therefore operate on our patient in spite of the 
grave diabetes, and its bad prognosis quoad vitam, in order that he may at least 
enjoy the sunlight dvuring the short time he has to live. 

Other Constitutional Forms of Cataract 

Cataract after Tetany, in Ergotin Poisoning and in Gliusblowers 

It should be mentioned that lenticular opacities have been observed to de> 
velop in other constitutional diseases. They have been met with after meningitis 
in young persons, after typhus, variola, scarlet fever, chlorosis and great losses of 
blood, and have received the name cataracta cachexia. Their cause is still un- 
known. 

During the past few years a form of cataract etiologically connected with 
tetany has attracted considerable attention. Some ophthalmologists, such as 
Loffetschnikowy Rosenblatt^ Sasmisch^ da Fonseca^ Landsberg^ Schiller and Wagen- 
mann^ have noticed for a long time that lenticular opacities are not rare in people 
who have suffered from convulsions, and, as the clinical picture of tetany is increas- 
ingly studied, it becomes more and more evident that it is responsible for a certain 
form of cataract. It is met with frequently in comparatively young women who 
exhibit other trophic disturbances of purely epithelial formations, such as the fall- 
ing out of the hair and nails, in addition to convulsions. These lenses have 
strikingly large nuclei. Their ultimate etiology is still unknown.. Peters sur- 
mised that the access of the normal nutritive material to the lens might be pre- 
vented in tetany by spasm of the ciliary muscle, and that this might result in cata- 
ract, and it is probable that complicated nutritive disturbances of the lens, in 
consequence of a morbid composition of the blood, are present in the cataract of 
tetany. This is indicated also by the results of experiments on rats. 

A large number of cases have been met with in Russia during the last decade 
in which cataract followed poisoning with ergotin. The time at which the cata- 
ract appears after the poisoning varies greatly, sometimes months or even years 
intervene. It is observed chiefly in the convulsive. form of ergotin poisoning, and 
has therefore been thought to be connected with the spasm. Cataract has not yet 
been produced experimentally with ergotin. 

It has been known for over a century that prolonged exposure to fire may in- 
jure the lens, and that glass makers are quite subject to a form of cataract known 
as glassblowers^ cataracL This form develops very slowly and we have as yet only 
hjrpotheses to account for its genesis. As glassblowers often work in high tem- 
peratures (50 to 55^), it has been suggested that the deprivation of the body of 
water by transpiration might lead to an increase of the molecular concentration of 
the aqueous and to opacities of the lens through the great evaporation of water 
from the surface of the cornea, especially when continually repeated, but lentic- 
ular opacities produced by evaporation of the aqueous, and by salt, are always con- 
fined to the pupillary region, recover quickly and follow a course entirely different 
from that of glassblowers^ cataract, so this cannot be the only cause. The fact 
that glassblowers are especially apt to develop this form of cataract, while workmen 
in other branches of industry, in which the body is exposed to prolonged heat, are 
exempt, indicates a possible intoxication of the body in glassblowers. The chemi- 
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cal light rays may be responsible. Cramer states, among the clinical peculiari- 
ties of this form of cataract, that in artificial ripening the anterior capsule may 
rupture easily. 

A connection between goitre and cataract was suggested by Vo88%us^ but more 
complete statistics fail to establish it. 

It is evident from our knowledge of naphthalinic cataract, in which an intoxi- 
cation of the body leads to injury of the lens, and of the forms that have been 
described, that autointoxication of the body may produce cataract. The nature 
of the process is a problem to be solved in the future. 

64. Experimental Forms of Cataract Consequent Upon Physical 
Changes of Condition, Mechanical Degenerations of the Epithe- 
lium of the Capsule and Poisoning of the Lens 

It is desirable and necessary in many ways to supplement clinical instruction 
by experiments ; therefore this hour has been reserved for some experiments which: 
have served to enlarge our knowledge concerning the morbid changes that take, 
place in the lens. Lenticular opacities may be produced experimentally in three 
ways : 

1. By changes in the physical condition. 

2. By mechanical degeneration of the capsular epithelium and of the fibres. * 

3. By poisons. t 

A. Lenticular Opacities Caused by Changes in the Physical Condition ' 
Under this heading are included the changes produced by cold, heat, and salt.! 

/. Opacification of the Lens by Cold 

The transparency of the healthy lens is lost at certain temperatures. If lenses 
from young calves and pigs are placed in physiological salt solution in the refrig- 
erator a milk white opacity appears in them, especially in the region of the nucleusJ 
If they are then replaced in a warm salt solution the opacity dis- 
appears completely, showing that it is due to a change of physical 
condition, not to a degenerative process. The opacity com- 
mences at a temperature of 10 or 12°. 

The picture is, very similar to that of nuclear cataract, but 
the condition is not the same. When the fluid is warmed the 
opacity passes away completely in a few minutes and this experi- 
ment may be repeated as often as is desired, v, Michel demon- Fig. 43.— Opaci- 
strated the dependence of this opacity upon the temperature by fication of the 
producing it in the living eyes of kittens by the application of Lens by Cold, 
ice. The opacity clears up from the periphery toward the centre, 
but the innermost cloudiness of the nucleus divides into three round spots before 
it disappears ; the clear bands between them show that the components of the 
posterior stellate figure of the calf^s lens are arranged so as to meet in three 
angles of \%QP. 

The interesting part of this experiment is that by it phj^icochemical differ- 
ences between the nucleus and cortex are made apparent, which could not be 
demonstrated otherwise in such young lenses, for it is always the nucleus alone, 
and only in young lenses, which is clouded by cold, while the cortical layers remain 
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clear. Of course the entire lens may be made opaque by freezing. It is then em 
white as snow and can recover entirely when warmed. 

//. Opacification of the Leng by Heai 

At certain temperatures, above 45°, the albumin of the lens begins to coagu- 
late and at higher temperatures the lens is transformed into a white mass. Ilua 
opacification by heat, or coagulation, is permanent. 

///. Opacification if the Lent by Salt 

If fresh animal lenses are placed in a 2 or 4% salt solution they commence to 

become opaque at once. The anterior can be distinguished immediately from the 

posterior su^ace of the lens because the opacity is more distinct where the surface 

is covered by epithelium, and the boundary of the capsular epithelium is defined 

quite sharply at the equator. Numerous round, clear drops may be seen beneath 

the anterior capsule and the stellate 

figure of the lens begins to become 

visible. On the posterior surface 

there are no drops and the opacity is 

more uniform. It is remarkable that 

this salt opacity ceases on the anterior 

capsule when the lens is carefully 

massaged, by means of which all sorb 

of figures may be caused to appear. 

If the lens is left for a longer 
time in the strong salt solution the 
capsule begins to become raised by the 
water that has entered the lens and 
an opacity develops in the nucleus, 
which may be caused to disappear by 
wanning the lens. 

These opacities may be produced 
not only by common salt, but also 
Fig. 44. -Opacification of the Lena by Salt, by numerous other salts and by con- 
after Hen. Drops Clear as Water Beneath centrated solutions of sugar, 
the Cvsale. All of these opacities are caused by 

osmotic deprivation of water, not by a 
special chemical action of the dissolved salt, for if the strength of the solutions of 
these substances in which the lenses remain clear and do not change in weight are 
determined, as by Manca and Ovio, such solutions are found to be isosmotic, i.e., 
to have the same molecular concentration. Opacities produced in the lens by 
salt are therefore primarily direct results of the molecular concentration of the 
solutions employed, and are produced by the withdrawal of water. The optic 
phenomenon of the opacity itself has not yet been fully explained, for if the water 
is withdrawn quite slowly and in a proper manner the lens will remain perfectly 
transparent, and when large quantities of salt have been introduced into the veins 
of a rabbit for some time the lens may lose 7% of its water without becoming 
cloudy. This has been demonstrated by Sa]ffher. 

Emild observed the formation of lenticular opacities confined to the pupillary 
region in dead rabbits, the eyes of which had been exposed to evaporation. TIk 
origin of these must be ascribed to an increased concentration of the aqueous. 
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Opacities of the lens may also be produced in the living animal by salt. If 
large quantities of salt are introduced into the lymphatic sac of a frog, or if a 
dense solution of salt is applied to the conjunctiva of a rabbit, its lens becomes 
cloudy. The chief value of these experiments with salt on the living animal is to 
teach us that such a molecular concentration as is necessary to make the lens opaque 
does not exist in the organism under natural conditions. Slight fluctuations must 
take place in the amount of salt contained in the intraocular fluid, but the lens 
adapts itself to them. 

The lens is much more sensitive to a diminution of the molecular concentra- 
tion, so far as the restitutio ad integrum and the preservation of the vitality of 
its cell elements are concerned. In this respect it acts just like a blood cell. As 
blood cells in hypisotonic solutions readily give up hsemoglobin, so the lens in such 
a solution gives up albumin, and then neither can resist the entrance of water any 
longer, but die very quickly. 

If a strong solution of salt is injected into the vitreous of a rabbit a salt cata- 
ract develops at the posterior pole of the lens and then clears up completely, in a 
manner quite analogous to that in which an opacity of the lens produced by salt 
in vitro passes away, leaving no serious anatomical changes. 

B. Opacities of the Lens Due to Mechanical Degeneration of the Capsular 

Epithelium and of the Fibres 

Opacities may be produced in the lens by mechanical injuries of its cell 
elements. 

/. Massage Cataract 

In 1883 Foerster suggested to open the anterior chamber and to massage the 
lens through the cornea in cases of unripe cataract in order to make the cortex 
fully opaque. This method of maturation was much employed for a time. 

If the anterior chamber of a rabbit is opened, the aqueous allowed to escape, 
and then the lens is massaged for several minutes by rubbing it with DavieFs spoon 
the lens will show on the next day a slight opacity in the anterior cortex and a 
more pronounced one in the posterior. 

In the early stage of a massage cataract radii as clear as glass can be seen to 
extend from the equator. The fact was established by Safffner that such a 
massaged lens may increase more than 20% in volume and weight in the course of 
twenty four hours. 

Anatomical researches, first instituted by Hess^ have proved that the connection 
between the lens fibres is broken up by the massage and crushing of the lens, even 
when the capsule remains intact, and that much of the epithelium of the capsule 
is destroyed. Numerous irregularly degenerated cells may be seen on such a 
capsule together with signs of proliferation and mitoses. The effect of the 
mechanical injury is that the epithelium can no longer perform its duty, water 
enters the lens, and abnormal processes of diffusion are instituted between the lens 
fibres and the surrounding intraocular fluid. In a rabbit a massage cataract is 
capable of great involution and the capsular epithelium often proliferates over the 
posterior capsule. 

//. Contttsion Cataract 

Cataract may also be produced by blows upon the eye. In order to understand 
this form of traumatic cataract in man it is essential that we should be acquainted 
with the part played by the epithelium for the preservation of the lens in tiiis con- 
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dition. To misapprehend the protection afforded by the epithelium is to fail to 
understand many diseases of the lens. 

A closely related experimental cataract, known as contusion cataract, may en- 
able us to understand better that which appears in the human eye after contusion. 
If the eye of an animal is beaten for several minutes, according to the method 
adopted by Voelker^ Raecti, Hess and others, lenticular opacities may be observed 
after a short time. In rabbits these usually appear in the vicinity of the posterior 
horizontal suture, but may also begin at tli^ equator. Radii as clear as glass may 
also be seen. Opacities of this kind clear up very readily when they are of mild 
degree. Hess found at an early period numerous caryocinetic figures in the epi- 
thelium. 

The vitality of the epithelium of the lens may be injured and destroyed in still 
other ways, especially by interfering with the circulation of the blood in the eye. 
Koster produced cataract by ligation of the vertebral vein, and Wtigenmann saw 
equatorial opacities appear in the lens some days after section of the long and a 
portion of ^e short ciliary arteries. Hermheiser observed a similar condition 
after embolism of the art^es of the ciliary body. It can be understood readily 
that the lens cells must die when deprived of their normal nutrition to a consider- 
able degree. 

///. Catariict Jrom Lightmng 

It is not an infrequent occurrence that men who have been struck by lightning 
develop, among other disturbances of the eye, an opacity of the lens. The clinical 
picture presented in such cases is very diversified as to the situation, extent and 
development of the opacity. Both the anterior and the posterior cortex may be 
affected; the cataract may undergo partial involution, may remain stationary, 
or may advance to complete opacification of the lens. Various hypotheses have 
been advanced to account for its production. 

Some believe that the lightning stroke causes a coagulation of albumin outside 
the lens fibres, and that the opacity may undergo involution when the albumin 
becomes redissolved (iSSZer). Others have ascribed it to the effect of heat. 

These theories are improbable because the cataract does not appear immediately 
after a stroke of lightning, but later, after a variable length of time. I agree 
with Hess that a lens taken from an animaPs eye cannot be rendered opaque by 
numerous shocks from a Leyden jar. 

Vossius believed that a recurrent iridocyclitis after the shock may be the cause 
of the cataract, but such an iridocyclitis is not alwa3rs present. 

Knies assumed that the contraction of the ciliary muscle, induced by the stroke 
of lightning, dislocates the lens fibres and so causes the opacity, but this is incor- 
rect, because we know today that the strongest contraction of the ciliary muscle 
can only relax the zonula and can produce no direct mechanical effect upon the 
lens. The view has also been expr^sed that the ultraviolet rays may be the cause 
of this form of cataract. 

Hess determined the origin of this form of cataract experimentally. If a spark 
from a Leyden jar is allowed to strike the head of a rabbit in the region of the 
eye, a swelling of one side of the head, chemosis, cloudiness of the cornea and an 
opacity of the lens can be seen two days later. In such an experimentally pro- 
duced cataract a fibrinous exudate is -excreted into the anterior chamber, and an 
enormous hypersemia of the ciliary body develops where the effect of the spark was 
most pronounced. After a few hours a delicate circular opacity generally appears 
at the equator, to which opacities of the posterior capsule associate themselves and 
spread toward the posterior pole. Opacities at the anterior pole, in the pupil^ 




NAPHTHALINIC CATARACT 261 

become visible later in most of the experiments. In the course of a few weeks the 
opacity of the lens either becomes total, or undergoes involution leaving an anterior 
polar cataract This result depends on the degree of effect produced and on the 
individuality of the animal. 

Hess has shown that in this form of cataract, just as in massage cataract, the 
first change consists of a destruction of the epithelium of the anterior capsule. 
In these cells are signs of degeneration, and fluid is collected between them and the 
lens fibres. The appearance of vacuoles in the neighboring lens fibres indicates 
that they also are undergoing disintegration. 

The cause of cataract produced by lightning is therefore the death of the epi- 
thelium of the lens occasioned by the electric shock. Although this may not be 
purely a mechanical degeneration, yet it should be classed with the other forms of 
cataract in this group. 

C. Opacities of the Lens Caused by Pbisons 

In 1886 Bouchard discovered that cataracts could be produced in rabbits by 
overfeeding them with naphthalin. Naphthalin dissolved in liquid paraffin is 
introduced into their stomachs by means of a probang. 

The napkthalimc catarctct begins with minute, perfectly clear radii which start 
at the equator, just beneath the capsule, and extend toward the poles of the lens, 
usually in the anterior cortex, less often in the posterior. They may be seen to 
sparkle when the mirror is rotated. They are clefts between the lamellae of the 
lens which are filled with clear fluid, and have been compared quite appositely to 
cracks in clear ice. They may pass away completely when the overfeeding with 
naphthalin is discontinued, or the poisoning of the animal is not sufficiently grave, 
without going on to true opacity of the lens. If on the contrary the process is 
continued, opacities develop in various ways. The radii may be repleu^d by gray 
sectors, produced by the clouding of the clear fluid through the disintegration of 
the adjoining lens fibres and the escape of their constituents. 

In other cases a gray circle is formed on the posterior surface of the lens near 
the equator. Not infrequently the posterior suture of the rabbit^s lens can be seen 
distinctly as a gray stripe. Irregular spots and opacities of many forms may 
appear. Even in such cases an extensive involution of the lenticular disease is 
still possible. In the final stage the entire lens is opaque, and its cortex is of a 
uniform bluish white and gray appearance. 

The origin of this disease of ilie lens has been subjected to a most rigid scrutiny, 
and the view that has finally been accepted is that the condition is one of poisoning 
of the lens. 

Panas thought there was a connection between it and the retinitis excited by 
the naphthalin, but Hess has shown that the changes in the lens precede those in 
the retina, and that retinitis may be wholly absent, even when the cataract has 
existed for a long time. 

According to Magnus and Peters the first symptom of naphthalinic cataract 
is a shrinkage of the lens, ascribed by Peters to disease of the epithelium of the 
ciliary body induced by the action of naphthalin, which results in an increase of 
the salt in the aqueous, which in turn causes a shrinkage of the nucleus of the lens 
by disturbance of osmosis. He arrived at this conclusion through determinations 
of the conductibility of the aqueous, but Hess found that the anterior chamber is 
shallower at the commencement of a naphthalinic cataract and that therefore the 
kns must have increased in volume. Safffner then showed that a few hours after 

stuffing with naphthalin, when no changes in the lens can be recognized with 
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the ophtiwlinoscope, the lens is always increased in weight and volume and not 
dinmken. When the Sret visible opacities appear the increase of weight and 
Tolome of the lens amounts to more than 16%. 

The first symptom of naphthalinic cataract is the inability of the epithelium 
of the lens to prevent the entrance of water between the cells and fibres. At the 
same time the connection of the epithelium with the capsule becomes looser and 
undergoes still further disintegration, which leads to a rapid degeneration of the 
lana fibres. The lens reacts with processes of proliferation. Numerous mitoaes are 
met with in connection witk tbe destruction of the epithelium, and the posterior 
capgole becomes covered bf a layer of peeudoepithelium during the first weeks of 
the development of the cataract. All of this indicates that the disease is produced 
by a poisoning of the lens. 

Im naphthalin itaelf is not the cause of the cataract. Animal lenses remain 
perfectly transparent even in a concentrated solution of naphthalin. The naph- 
thalin must be given by mouth to produce a cataract, when administered in any 
other way it has no effect on the lens. Hence it must be supposed either that 
a product is derived from naphthalin in its passage through the intestinal tract, 
which is resorbed into the blood and is able to injure the lens, or that other sub- 
stances are formed by the poisoning of the body which affect the lens. What 
these may he we do not know ; they have not yet been detected either in the intra- 
ocular fluid or in the blood. We know only this, that lenses absorb water more 
quickly in the serum of animals that have been poisoned with naphthalin than in 
normal serum. 

Occasionally cases of human cataract have been observed after the ingestion of 
naphthalin and naphthol, hut the importanceof naphthalinic cataract is chiefly due 



to the fact that of all experimental forms of cataract it is the one which presents 
most closely the kind of lenticular opacity met with in the commonest spontaneous 
form of human senile cataract. When the cortical layers of the human lens be- 
come spontaneously diseased, disintegrated and opaque, the condition is not like 
that produced by cold, beat, or mechanical degeneration of the epithelium of the 
capsule. The naphthalinic cataract shows ua where to look for the causes of the 
human disease. 

Another poison which is able to cause cataract, when applied directly to the 
cornea, is the poison of bees. Now and then bee stings of the cornea are met with, 
and this peculiar injury is followed by a lenticular opacity confined to the most 
anterior layers of the cortex in the region of the pupil. This has been studied 
experimentally by Huwaid. If an animal is stung by a bee in the centre of its 
cornea a minute opacity is formed in the pupil just beneath the anterior capsule. 
This spreads at first and then undergoes involution in a few days, leaving only a 
small anterior capsular cataract in the centre of the pupil. Anatomical study 
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has shown that an irregular proliferation of several layers of capsular epithelium 
takes place. It is necessary that the poison be carried by the sting directly into 
the anterior chamber. Here again it is evident that we have to deal with a toxic 
action upon the epithelium and fibres of the lens in which specific affinities between 
the toxin and the substance of the lens play a part 

65. Lamellar Cataract and Its Treatment 

Human cataracts may be divided into two large groups : the acquired and the 
congenital. The commonest form of congenital cataract is the cataracta zonu- 
laris, or lamellar cataract, which is illustrated by the present case. 

A round, gray opacity, surroimded by a transparent marginal portion, may be 
seen by oblique illumination in the lens of each eye back of the plane of the pupil. 
The opacity is greatest at its margin, while its intensity decreases toward the centre, 
so that the latter seems to be more transparent. From this symptom we conclude 
that the nucleus is clear and that this is not a so called central cataract. After 
the pupil has been dilated with homatropin the eye may be examined with the 
ophthalmoscope, when the cataract appears as a central, dark disc surrounded by 
transparent and normally illuminated peripheral portions of the lens. It can also 
be perceived that the centre is less opaque than the margin of the opacity. Radi- 
ating dentations directed toward the periphery of the lens project from the 
sharply defined margin of the cataract. 

With ZeiM'* loupe an innumerable quantity of minute points, as well as larger 
gray white clouds, are to be seen in the opacity, which has hitherto appeared uni- 
formly gray. The radiating, gray white dentations at the margin have a peculiar 
form. Paxt of them very distinctly have two legs, one belonging to the anterior, 
the other to the posterior layer of opacity. These opacities ride, as it were, on 
the margin of the lamellar cataract and have therefore been termed '* riders. '^ In 
some cases these riders lie more peripherally from the margin of the cataract in 
the otherwise clear layers of the lens. They are indicative of the commencement 
of a new layer of opacity. There are cases of lamellar cataract in which a second 
and a third layer of opacity have formed very distinctly about the principal one, 
between which are clear, or more correctly, less cloudy zones. In the great 
majority of cases congenital lamellar cataract is bilateral, and about uniformly 
developed in each eye. 

Cases of lamellar cataract in only one eye have been described by Davidson^ 
Sckirmer^ and Hess^ and unequal development of the cataract in the two eyes has 
been met with. Cases also of so called rudimentary lamellar cataract, in which 
only a small part of the perinuclear portion was opaque, have been described by 
Purtscher and Czermdk. Finally it must be mentioned that unilateral lamellar 
opacities may be acquired in the lens as the result of many diseases of the eye ; 
such a condition has been met with after iritis by Graefe^ after keratitis with per- 
foration of the cornea by Becker, in leucoma adhaerens after blennorrhcea by 
Schirmer and Collins, after injuries by Hess and others. 

The size of the lamellar cataract may fluctuate mi^terially ; in this case it meas- 
ures between 4 and 6 mm, others may measure from 2 to 8 mm across. The size 
of the opacity is important, for the impairment of vision depends greatly on its 
extent, as well as on its density. As a rule they are large enough to fill the pupil, 
and yet it is not a rare occurrence to meet with eyes containing lamellar cataracts 
in which the vision is nearly or quite normal. Most cases suffer a considerable 
loss of vision, which may be referred to the opacity, or to an imperfect function of 
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the nervous apparatus. The presence of the latter is proved when good vision is 
not obtained after a faultless and early removal of the lamellar cataract. Nys- 
tagmus is not an infrequent accompaniment of these cases. 

As soon as we have made the diagnosis of lamellar cataract our first duty is to 
determine the refraction and, if the patient is old enough, to test the fimction of 
the eye. It has been remarked frequently that eyes with lamellar cataract are 
almost always more or less nearsighted. The patient brings the print close to his 
nonatropinized eye when he reads, but this does not indicate positively that he 
has myopia. On the contrary the subjective test shows that he has a considerable 
degree of hypermetropia. The subjective test of the refraction is often insufficient 
to tell us more than this in such cases, especially in little children, so we are 
obliged to depend on objective methods, like skiascopy. Still clinical experience 
has proved that myopia is not rare in cataracta zonularis. Schliep found myopia 
in 2^% of such cases, Hess in 11%. When myopia is present the ophthalmoscopic 
signs of elongation of the axis of the eyeball must be looked for ; if they are absent 
it may be supposed that the myopia is due to changes in the lens itself. 

Another point in the functional testing of such an eye is the determination of 
its power of accommodation. This is difficult when the vision is too poor to en- 
able us to obtain accurate results. Such patients not infrequently have a sort of 
stenopaeic vision, in which the rays of light dominate that enter between the mar- 
gin of the pupil and the margin of the cataract. This likewise interferes with the 
accurate measurement of the accommodation. Yet there is no doubt that the ac- 
commodation of young patients with lamellar cataract is quite analogous to the 
normal. The cortical layers of the lens, in which the change of form takes place 
in accommodation, are normal in lamellar cataract. 

Therapeusis depends on the result of this test of function. If the vision, per- 
haps after correction with glasses, is such that the patient can follow his calling, 
we leave the cataract alone. This may be done the more readily because the ex- 
tent of a lamellar cataract usually remains stationary, although rare cases occur 
in which the intensity of the opacity increases. 

In addition to the correction with glasses much improvement can be obtained 
in the vision of some patients by dilatation of the pupil with atropin, when the 
cataract is very small, sharply defined and so dense that the diffused light that 
passes through it does not interfere with vision. Such measures suffice for many 
years with some patients. Such a dilatation of the pupil takes the place of an 
operative form of treatment. 

We have at our disposal two operative procedures for the treatment of lamellar 
cataract : optic iridectomy and removal of the lens. Both have their great advan- 
tages and disadvantages, and we must choose conscientiously which to advise in any 
particular case. 

In an optic iridectomy a narrow, peripheral, transparent segment of the mar- 
gin of the lens is made accessible to the entrance of light. This operation has the 
advantage that it preserves the accommodation of the patient so that he can use 
the eye for both far and near vision. In order to determine in any case whether 
it will be to the advantage of the patient to have an iridectomy performed the 
vision is tested first with a normal pupil, and again with the pupil dilated and a 
stenopaeic slit employed, which corresponds in size and form to the ooloboma 
which is contemplated, and the results thus obtained are compared. 

The disadvantages of iridectomy are that the pupil is no longer round, and 
that the peripheral portions of the lens, which are not so uniformly curved, must be 
used for vision, so that the retinal images are not sharply defined and a consider- 
able degree of dazzling may be the permanent result. Hence the operation is 
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indicated only when the opacity of the cataract is sufficiently dense to prevent 
disturbance by diffusion of li^t, and when the peripheral zone of transparent lens 
is sufficiently broad. 

The second operation is removal of the cataractous lens. The disadvantage 
of this operation ia that the eye is made veiy hypermetropic, and loses its power of 
accommodation, so that the patient is compelled to wear different glasses for dis- 
tinct distant and near vision. 

On the other hand the advantages are that the pupil remains round and that 
the visual result is usually much better. The latter advantage in particular ren- 
ders this procedure preferable whenever an operation must be performed. 

The lens maybe removed in three ways: Discission is performed in young 
children and in patients who may be expected to be unruly during and after the 
operation. We open the anterior capsule with a discission needle and thus inten- 
tionally produce a traumatic cataract. The lens will swell and become fully 
opaque in a few days, or sooner. The pupil is kept dilated with atropin and a 
close watch is kept over the tension of the eye. If the swelling is rapid and the 
tension becomes elevated, the lens may be evacuated through a paracentesis of the 
anterior chamber. In suitable cases the complete resorption of the lens may be 
awaited. Then it has to be decided whether an operation for secondary cattu^ct 
will be required later. 

In intelligent children an attempt may be made to remove the lamellar cata- 
ract, together with the adherent masses of cortical, directly from the eye through 
a section made in the limbus with a broad keratome, and after a broad opening 
has been made in the anterior capsule. If the technique has been mastered this 
Operation succeeds very well and saves the patient considerable time. It may be 
sufficient alone, or a subsequent operation for secondary cataract may be needed. 

If the operation for lamellar cataract needs to be performed on a patient who 
has arrived at a period of life when a marked sclerosis of the lens has taken place. 



FlQ. 46.— Lamellar Cataract, after Hmb, 

the extraction should be made by means of the flap operation with preservation of 
a round pupil. 

This peculiar form of cataract has always awaked the interest of ophthal- 
mologists, and many anatomical researches have been mode by Deutachmann. 
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Beaelin, Schirmer, He»a, Peters, Treacher Collins, Meyer, Heinrich and others. 
If we examine a section with a low power of am pi ifi cation the zone of cataract 
between the nucleus and the cortex can be perceived immediately, for the zonular 
cataract is characterized by the appearance of a zone of degeneration between the 
central and peripheral portions of the lens, as its name implies. With a stronger 
amplification an extremely large number of very minute, round, or irregularly 
shaped foci of degeneration may be seen in this zone, TTiese foci of degeneration 
may appear peculiarly laminated. Hess was unable to establish relations between 
them and the lamellte by equatorial section. The nucleus also, which appears 
clinically to be normal, may be involved and contain in much smaller numbers 



Fig. 47a. Fig. 476. 

Foci of Degeneration in Lamellar Cataract, after Hcm. 

such little foci or "drops." This involvement of the nucleus is not without im- 
portance to the full comprehension of the clinical picture. Heux, A.refifeld, Baas 
andothershaverepentedly described the findingof globules and crystals in lamellar 
cataract. Sihirvter has proved, by sections of freshly extracted cataracts of this 
nature, that the numerous little foci in the zone of opacity are not artificial prod- 
ucts, or post mortal signs. 

No contraction of the nucleus, which has been assumed to exist and to be 
connected with the genesis, can be perceived. The size of the lens is normal and 
the condition of the nucleus in a section while fresh is the same as that of a normal 
lens of the same age, while its fibres prove on microscopical examination to be 
unchanged. Finally a word in regard to the nature of the so called riders. 
Schirmer and O. Mn/cr conceived them to be cleft formations caused by the sup- 
posed contraction of the nucleus, but Heii found that in his cases they were formed 
in the same way as the opaque zone itself. 

Lamellar cataract is of interest not only to the specialist, but to the general 
practitioner. The nature of its origin is still envelo|)ed in darkness. According 
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to one theory, first voiced by Becker, cataracta zonularis is usually congenital. 
Other writer*, like Arlt and Grvenoiae, think that it develops as a rule during 
the first year of life. A third group claims that itcan develop just as well before 
as after birth. It has been detected immediately after birth by Hosch. However 
this may be, it is the duty of the physician to devote his attention not only to the 
eye, but also to the well being of the patient. 

This condition is met wiSi very often in families in which abnormalities of 
the eye are hereditary, and numerous cases have been reported in which congenital 
cataract was observed to appear through several generations. 

It has also been noticed that very many patients with lamellar cataract suffer 
from convulsions during infancy, do not develop well mentally and have anomalies 
of the skull as well as peculiar malformations of the teeth. Arlt pointed out that 
lamellar cataract is met with particularly in children who have suffered from 
convulsions. 

The teeth malformed are particularly the permanent upper incisors, eye teeth 
and first molars, which present horizontal ridges and grooves in the enamel and, 
in bad cases, may be worn away to little stumps. Both the teeth and the lens are 
epithelial formations and, according to Homer, such epithelial formations are apt 
to be attacked in rickets in addition to the bones. 

An etiological connection has been assigned to rickets for convulsions in child- 
hood, as well as lamellar cataract, by quite a number of authors, especially by 
Homer on the ground of exhaustive statistics. 
Rhachitis was found to be present by Ruekr in 
88% of 153 cases of lamellar cataract, by 
SchUep in 53% of 170 cases. Probably the actu- 
ating noxious quality of the disease, the nature 
of which is still unknown, induces the morbid 
changes in those layers of the lens that are 

present, or in process of formation at a certain F>G- 48.— Rachitic Teeth. 

time. If the general disease passes away nor- 
mal lenticular layen may aft^ward be formed, lliis Hypothesis renders com- 
prehensible the peculiar localization of the opacities in lamellar cataract between 
the nucleus and the cortex. 

We also know that lamellar cataract is scarcely to be met with in countries in 
which rickets is rare. Although this coincidence of the two diseases is indicative 
of some relation between this metabolic disease and the abnormality of the lens, 
yet it has not been proven that rickets is the true cause of lamellar cataract. 
Much more thorough investigation is needed. Some authors, such as Petert and 
Kirckkqff, incline to make tetany, rather than rickets, responsible for the develop- 
ment of lamellar cataract, and the ascription of the dental changes to rickets has 
also been disputed. There is no doubt that many peculiarities in the pathogenesis 
of lamellar cataract still remain unexplained, such as the involvement of the 
nucleus, the displacement of the nucleus near the posterior pole of the lens, which 
I have met with several times, and the unmistakable relation of lamellar to other 
congenital forms of cataract, such as the central and the spindle shaped. In rela- 
tion to this Hea» has met with interesting disturbances in the separation of the 
lens vesicle from the epiblast in the embryonal lens of a young chicken, which 
suggest the idea that such disturbances may at least take part in the causation of 
congenital lamellar cataract. 

The prognosis of the operation for the removal of lamellar cataract is good. 
In most cases a not inconsiderable improvement of vision is secured. 
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66. Rarer Forms of Congenital and Acquired Cataract 

The most important and the most frequent forms of cataract have now been 
considered, but others are met with, though they are comparatively rare. Although 
the lens seems to be constructed so simply, yet the most manifold clinical pictures 
appear in it. The reason for this variety is that the lens is affected very easily 
by local diseases of the eye. Constitutional causes may also be the basis of the 
rarer forms of cataract. Very little is known as yet in regard to their etiology. 
Part of them are congenital, part acquired. 

Cataracta Polaris Anterior 

I exhibit here a child who has in the centre of the pupil of each eye, at the 
anterior pole of the lens, a small, sharply defined, intensely white opacity. Else- 
where the lens is perfectly transparent and no other morbid changes are to be found 
in the eye. 

Anterior polar cataract is generally stationary. When it is as small as it is 
in this case it causes very insignificant disturbances of vision, or none at all ; but 
when it is larger, so as to cover a great part of the pupil, much visual disturbance 
is complained of, especially nyctalopia. During the day, when the pupil is con- 
tracted by the bright light, the patient sees badly, but in the twilight, when the 
pupil is somewhat dilated, his vision is better, because the rays of light gain a 
freer entrance beside the opacity. Optic iridectomy is to be considered in such 
cases, after it has been demonstrated that the vision is actually improved by the 
dilatation of the pupil. 

Not infrequently anterior polar cataract is found associated with other con- 
genital forms in the same lens, such as lamellar cataract, and central cataract. 
In such cases extraction of the lens is to be considered. 

We try to explain the origin of congenital anterior polar cataract by supposing 
that, in consequence of a derangement of development, the separation of the lens 
took place irregularly and left an opacity at the place of separation. 

Anatomically, we find that the anterior polar cataract is produced by a circum- 
scribed proliferation of the epithelium of the capsule. 

Anterior polar cataract may also be acquired. Here is a child a year old, 
who had blennorrhoea neonatorum. One eye is intact. In the other is a central 
leucoma of the cornea and directly opposite it in the pupil is a sharply defined, 
white opacity at the anterior pole of the lens. 

The origin of this polar cataract can be read from the eye itself : it was caused 
by the ulcer that formerly existed in the cornea. When a central ulcer of the 
cornea perforates the aqueous escapes, the lens moves forward and comes into con- 
tact with the ulcer, llie partly mechanical, partly inflammatory irritation thus 
produced excites a proliferation of the epithelium at the place of contact on the 
capsule. The ulcer heals, the anterior chamber is reformed, but a leucoma of 
the cornea and an anterior polar cataract remain. 

Such an etiology must be borne in mind even when the cornea is perfectly trans- 
parent, for the cornea is often capable of clearing up wonderfully in children, and 
an extremely delicate opacity must always be searched for. 

Occasionally such an anterior polar cataract is united to the central corneal 
cicatrix by a thread of connective tissue. In such cases the ulcer was joined to 
the lens by a mass of exudate, which became organized and was drawn out into a 
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thread after the reformation of the aDterior chamber. Tliis thread may break, 
or it may remain permanently. 

An anterior polar cataract caused in this manner may not form simply a flat 
opacity; it may protrude more or less into the anterior chamber. It is then 
known as a cataracta pyramidalis, which is always acquired. 

Anterior polar cataracts have also been observed to develop when the perfora- 
ting ulcets were not central, but peripheral, from the irritation exercised upon 
the epithelium, and also to develop when the ulcers did not perforate. Iney 
may likewise be produced by suppuration in the anterior segment of the globe, 
for Wagenmanna&w a case of fr^ iridocyclitis in which there was a proliferation 
on the capsule where pus cells had come into contact with it. I have repeatedly 
seen a polar cataract develop after ulcus serpens in adults. 



Fig. 49.— Capsular Cataract, after Heat. 

Acquired and congenital anterior polar cataracts exhibit analogous histologi- 
cal changes. The epithelial cells at the anterior pole are first destroyed, and then 
a proliferation of the capsular epithelium takes place which results in a capsular 
cataract. 

Cataracta Polaris Posterior 

The differentiation between the congenital and the acquired forms of posterior 
polar cataract is important, because the latter is often a symptom of disease else- 
where in the fundus of the eye. For this reason the fundus should be investigated 
as soon as an opacity about the posterior pole of the lens is detected. 

Congenital posterior polar cataract on the contrary is not dependent on disease 
of the fundus. At the posterior pole of the lens is a sharply defined dark point, 
which is shown to be deeply situated by the fact that its parallactic movement is 
in the opposite direction to that in which the eye of the patient is moved. Hieae 
congenital posterior polar cataracts are divided into two forms : cataracta polaris 
posterior spuria and vera. 

If by the term cataract is understood a degenerative process within the len- 
ticular capsule, a posterior polar cataract will be termed vera when the lens fibres 
at the posterior pole are morbidly changed. Such congenital opacities often occur 
coincidently with lamellar cataract and central cataract, and may then be referred 
to similar causes. 

In the other congenital form the opacity lies on, not within, the capsule at the 
posterior pole of the lens. During fnetal life the hyaloid artery passes through 
the vitreous to the lens, and when its involution is incomplete some tissue remains 
on the posterior capsule and forms a posterior polar cataract. In these cases the 
artery may be found sometimes to be persistent, or to be represented by a solid 
cord that extends from the posterior capsule to the papilla, or by only a floating 
filament, or the only trace may be a little round opacity on the capsule. If the 
eye is otherwise normal the vera can hardly be distinguished from Uie spuria, un- 
less remains of the hyaloid artery are to be seen distinctly, but if the condition is 
met with in a microphthalmic eye that has other anomalies of development the 
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diagnosis is made more easily. Such opacities have also been observed in con- 
nection with lenticonus. 

Acquired posterior polar cataract is associated particularly with two diseases 
of the fundus : pigment degeneration of the retioa (retinitis pigmentosa), and 
chorioiditis. 

In pigment degeneration of the retina a punctate opacity is apt to develop at 
the posterior pole of the lens, to which some radiating opacities are gradually 
added, but it is characteristic of this form of cataract that it has no tendency to 
change into a total opacity of the lens. We do not know how this disturbance in 
the nutrition of the lens takes place, but it may be mentioned that Wagenmann 
saw posterior polar cataract develop after partial section of the ciliary vessels of 
an animal. 

The anatomical basis of a polar cataract from retinitis pigmentosa is a pro- 
liferation of the capsular epithelium from the equator over tracts of the posterior 
capsule, with disintegration of fibres, cleft formations and little hollow spaces at 
the posterior pole itself. 

Another kind of posterior polar cataract, not infrequently met with in chorioid- 
itis, appears in the form of rosettes, or stars, tends to spread and sometimes in- 
volves the entire posterior cortex after a short time. The prognosis of its removal 
is bad, because the vision is seriously compromised by 
the disease in the fundus. 

Posterior polar cataracts are also met with in 
other diseases, such as the uric acid diathesis, and 
stellate opacities at the posterior pole may follow 
injuries, either with or without demonstrable lesions 
of the capsule. 

Cataracta CentraUs 

Associated with lamellar opacities in the lens of 
Fifl. 60.— Central Cataract, this small child may be seen a white opacity in and 
after Heta. somewhat behind the centre, which passes over into 

peripheral linear and punctate opacities. Central 
cataract can be differentiated anatomically from lamellar only by the fact that 
the disintegration of the nucleus is more advanced than is usual in zonular 
cataract. 

Cataracta Fusi/brmis 

Cataracta fusifonnis is one of the congenital forms. The characteristic of a 
well marked case is an opacity that resembles a tube, or an ampulla, which extends 



Pto. 61.— Congenital Total Cataract, after Heaa. 
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through the middle of the lens from the anterior to the posterior pole. With this 
form is also grouped the spindle shaped cataract, in which such a union exists only 
between the anterior pole and the nucleus. It is caused probably by a disturbance 
in the separation of the lenticular vesicle. 

The lens of a child a few weeks old may be totally and uniformly white, and 
present no other peculiarities that can be perceived clinically. This is a con- 
genital total cataract. As the opacity Js close beneath the capsule it is evident 
that all the lens fibres formed at the time of birth have disintegrated. 

Part of these congenital total cataracts are far advanced lamellar cataracts, 
but it is possible that in others some nutritive disturbance attacked the cortical 
layer during foetal life and produced a total opacity of the lens. 

It has also been observed that a lens which was transparent at birth may be- 
come opaque from masses of conneotive tissue about a persistent hyaloid artery. 



Fig. 62.— Disturbance m the Separation of the Lens Vesicle, after Heaa. 

Children are very often seen with congenital cataracts which have become 
shrunken. Soft, opaque lens matter may naturally undergo further changes in 
cataracts that are congenital, as well as in those of adults. Usually they appear 
flat and chalky white. The depth of the anterior chamber and the tremulousness 
of the iris indicate their shrunken condition. Such a cataract may be the final . 
stage of a congenital total cataract, an advanced zonular, or it may be that a foetal 
rupture of the posterior capsule has resulted in a gradual opacification of the 
entire lens, or possibly it is a cataract caused by an intrauterine inflammation. 
In this last form syphilis is a prominent agent ; our attention is being drawn more 
and more to the fact that such cataracts may follow a syphilitic intrauterine 
uveitis. 

67. The Development of the Lens and Its Congenital Abnormali- 
ties of Form and Position 

The eye originates from the wall of the primary prosencephalon, from which 
the primary optic vesicle bulges out on each side of the median line. This primary 
optic vesicle is connected with the cerebral vesicle by a pedicle which later becomes 
the optic nerve. The primary optic vesicle is covered by ectoderm. After a very 
short time the secondary optic vesicle develops from the primary optic vesicle by 
a distal and ventral invagination of its wall, or, to speak more correctly, by a 
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growth forward of the margin over the base of the optic vesicle. Thus a double- 
walled structure is obtained that presents ventrally the fcetal ocular cleft, which is 
continued to the pedicle of the optic vesicle. At the distal opening of the optic 
vesicle is the lens. 

The ectoderm on the summit of the primary optic vesicle begins to grow more 
vigorously and forms at first a pouch directed toward the primary optic vesicle, 
connected with the surface by a little pedicle which is finally constricted off, so 
that the ectoderm has grown together over it at the end of the first month. 

Thus the lens is an offspring of the outer germinal layer, an epithelial forma- 
tion, and consists at first of a hollow vesicle. Then the cells of the proximal wall 
of the lens vesicle develop into lens fibres, while from the cells of tiie distal wall 
comes the capsular epithelium, until the lens has become a solid structure. Fibres 
continue to be formed throughout life from the equatorial capsular epithelium. 

It is important to remember, in connection with its congenital abnormalities, 
that the lens during foetal life is enveloped in a vascular capsule, the vessels of 
which are connected with the hyaloid artery and with it normally undergo 
involution. 

The retina comes from one layer of the secondary optic vesicle. Its anterior 
margin reduces itself to a single layer of cylindric cells and forms the pars ciliaris 
retinae, from the cells of which the fibres of the zonule are developed. 

In such a complicated embryology of the lens it is conceivable that disturb^ 
ances may occur in its development, and that these may result in abnormalities in 
either its form, or position. In fact we do meet with abnormalities in both the 
form and the position of the lens. 

A. Congenital Abnormalities of Position 

Ectopia Leniis 

This patient states that the vision of both of his eyes has been bad since child- 
hood. The most striking point in the appearance of his eyes is that the pupils are 
not central, but are displaced upward. After one of the pupils has been dilated 
with cocain it can be seen by oblique illumination to be divided by a circular 
edge, the margin of the lens, into two portions, one slightly gray, the other deep 
black. The gray appearance is the physiological reflex of the lens, and we have 
before us a pupil one portion of which is occupied by the lens while the other 
portion is aphakic. 

The lens may be seen with the ophthalmoscope to be perfectly transparent, 
except at its edge where it appears to be black. The edge is sharply defined at 
the margin, less so toward the centre. 

By focal illumination again the anterior chamber is seen to be unevenly deep, 
shallower in the portion in which the lens is present. The iris is tremulous, 
especially in the aphakic portion of the pupil. 

The great difference in the refraction of the two portions of the pupil is revealed 
by skiascopic movements of the mirror. Myopia is often present in the one por- 
tion, while hypermetropia exists in the aphakic portion because the curvature of 
the lens when thus dislocated is not uniform. This may result in monocular 
diplopia, or, when the ectopia is bilateral, in polyopsia. 

In a word the same symptoms are present in congenital dislocation of the lens 
as in acquired dislocation, but for practical reasons we designate the acquired dis- 
location as subluxation, or luxation, the congenital as ectopia. It must be under- 
stood, however, that an ectopia may become a luxation, either by traumatism, or 



LENTICONUS POffTERIOR 273 

spontaneously. This distinction between the two forms of dislocation is justified 
because ectopia is marked by many peculiarities. It differs from luxation in being 
almost always bilateral, and in that the lens usually is displaced symmetrically in 
the same direction in the two eyes, upward, upward and outward, or upward and 
inward. Displacements in other directions and asymmetric dislocations are occa- 
sionally met with. The pupil is usually displaced in the same direction as the 
lens. 

Heredity plays an important part in its etiology. The lens may remain clear 
for a long time, sometimes for life. 

Therapeutic intervention is not necessary in most cases of ectopia. We simply 
try to obtain the best vision possible by means of suitable glasses. Extraction 
may be considered when the lenses become opaque, become luxated in consequence 
of increasing atrophy of the zonule, or when secondary glaucoma develops. 

The origin of ectopia is of interest in connection with the embryology of the 
lens. It cannot be accidental that the ectopia is almost always upward. 

A persistence of the hyaloid artery and of mesodermal tissue cords in the 
vitreous, which are connected with the closure of the secondary optic cleft, can be 
demonstrated anatomically in these cases. We imagine, with HesSj that such 
cords both interfere with the development of the zonula and drag the lens upward. 
Such cords may disappear so that they cannot be found later. We know that the 
connections between the ciliary body and the lens are formed in the fourth 
month. Such cords are usually found below, in connection with the foetal ocular 
cleft. 

There are cases of ectopia in which the lens is met with close to the head of 
the optic nerve and attached to it by mesodermal cords of connective tissue, which 
penebrated through the ocular cleft. 

In cases of lenticular astigmatism and lenticular myopia a slight degree of 
ectopia should be thought of, as it may easily be overlooked. On the other hand, 
ectopia is not to be diagnosticated in every case in which the margin of the lens 
can be made visible in the pupil, because it may appear as a straight line in 
coloboma. 

R Ck>ngenital Abnormalities in the Form of the Lens 

/. Lenticonus Posterior 

This little girl has always seen badly with one eye. What appears to be an 
opacity far back of the level of the pupil can be seen by focal illumination. 
With the loupe it can be seen that the posterior surface of the lens is conical, but 
no true opacity can be made out by transmitted light. True opacities are met 
with in some cases of this nature. The ophthalmoscopic examination reveals 
nothing of interest. 

On rotating the mirror peculiar alternating shadows flash up at the margin 
between the middle and the peripheral parts of the pupil. With a concave mirror 
the illuminated field in the centre of the pupil moves distinctly in the same direc- 
tion as the movement of the mirror, while the movement is not as distinct in the 
peripheral parts. Hence we conclude that there is a fairly high degree of myopia 
in the centre of the pupil. Sometimes the difference in the refraction of the 
central and peripheral portions of the pupil amounts to more than 10 D. This 
resembles to a certain extent the changes met with in the lens with a double focus, 
which has consequently been called false lenticonus. But false lenticonus is an 
acquired anomaly of the nucleus of the lens, which is of normal form, met with 
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in elderly people. True lenticonus is usually congenital, though it may occasion- 
ally be considered acquired. It is primarily a change in tiiejbrm of the lens. 

The distinctive characteristic of true lenticonus is that the lens is conicd. 
either on its anterior or its posterior surface. We meet with lenticonus anterior 
and posterior, the latter more frequently. 

The posterior lenticular image is much smaller where the posterior surface of 
the lens is most strongly curved than in its vicinity, and if the image is caused to 
move about by moving the light, it elongates in passing from one zone to another, 
and disappears in places. 

From these symptoms it may be diagnosed that the lens has undergone an 
essential change of form in its posterior segment, that the portion of lens near the 
posterior pole has protruded toward the vitreous. The peculiar reflexes obtained 
have been compared to the image produced by a drop of oil on a lens. 

It was not without purpose that attention was called to the fact that the hya- 
loid artery extends to ilie lens during fcetal life. Hess has frequently found re- 
mains of the hyaloid artery in these cases, and other developmental anomalies of 
the eye are often found associated with lenticonus. 

This abnormality of the lens is met with not infrequently in the eyes of ani- 
mals. Hess found anatomically that the posterior capsule in the' vicinity of the 
posterior pole was very thin and, in almost all cases, greatly lacerated. It is 
always difficult to detect such a tear in the living person. When opacities are 
present we can suspect that such a laceration is there, and account in tiiis manner 
for the irre'gularity of the lenticular images. We must assume, however, that 
lenticonus posterior is connected with disturbances in the involution of the hyaloid 
artery, which probably occasion lacerations of the capsule. The nucleus may 
then be displaced backward. The only therapeusis is to try to improve the vision 
with glasses, an attempt that is not always successful. 

//. Coloboma Lentis 

This patient has a congenital coloboma of the iris and chorioid, and in the 
coloboma of the iris may be seen a distinct, saddle shaped notch in the margin of 
the lens. Attention has already been called to the fact that the normal margin of 
the lens is not perfectly smooth, but such a notch as this is not physiological, it 
extends deeply into the substance of the lens. Frequently the margin forms a 
straight line instead of being circular. 

The condition of the zonule may be studied with the ophthalmoscope. lo 
this case it can be demonstrated distinctly in the region of the defect, but this is 
not true in all cases. 

The effect of coloboma upon the vision depends primarily on whether it is 
associated with other abnormalities. In more than 50% of the cases coloboma of 
the lens is associated with coloboma of the membranes of the eye. The vision of 
such eyes is bad. When the coloboma is present in the lens alone it causes no 
visual trouble and is often discovered accidentally. Very large colobomata may 
give rise to an irregular lenticular astigmatism. 

Three hypotheses have been advanced to account for its origin. I agree with 
Hess that certain vessels of the foetal capsula lenticularis may remain longer than 
normal at the equator of the lens. If the lens grows rapidly such persistent ves- 
sels will press on its margin and lead to the formation of a coloboma at this 
place by mechanical inhibition of growth. 

There are also great individual differences in the development of the meso- 
dermal tissue which protrudes through the cleft of the optic vesicle into the vitreous 
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spacei as has been shown l>y ^atomical examinations of malformations of the eye. 
Such pbnnective tissue cords in the vitreous may explain a part of the colobomata 
of the Idns that are situate below. 

The absence of the zonule in the region of the xoloboma of the lens is also 
to be considered etiological. The margin of the l^ns may be abnormally curved 
at such places, or the lens may groV imperfectly. This kind of coloboma of the 
lens miist always' be shallow*. 
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